Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



1 



QA 

-as 

/8SC 



, * 



''^'^ HAWNEY'S 



COMPLETE MEASURER : 

. 4>R, THE * 

WHOLE ART OF MEASURING. 

BEIV« 

A Fiiiv An eoMmiBivsirz 

TREATISE ON PRACTICAL GEOMETRY AND 

MENSURATION. 

Corrected and improTed bj T. Keith. 



.1 » 



FOURTH EDITION. 



wrra ajk Anufsn coktaihis mvLKi nrv eximflu ron nini- 

JQ|» TBI WSIAHT ASU DIMSlltlOHB OF BILU AJTS tBILW, 
WITH Tii£XB AVnWFBIATB ^UABTITIIS OF FOWBBB. 



"BXYISED AND OOREECTED BT JORK D. ORAlOy 
FBOFKflSOB 01 BUTHUUTICB. 



BALTIMORE : 

TUBUSHEO BY P. LUCAS, JR. 

^* l^tUiuon, Priotflr. 




Dittrict of Mtryland, to wilt 

eRK IT REMEMBERED, tliat on tlie firit day of 
Mny, in the tbirty^f;yf}nth year of the IiR>«peniienoe 
ot the United Stales of Anenca, Fukiing Lucaa, 
junr« of the said district, hath deposited in this 
office, the title of a book the rij^t whereof he claiais as pro^ 
prietor, in the words ami figunrs foHowioi^, to wit : 

^'Hawney's Complete Bleasvrer z or, the whole art of measw 

**uring Being a plain and 'CotDprehoosime treatise on 

'practical geometry and mensuration. Corrected und 

'improved by T. Keith Fourth edition, with an apoen- 

"dis containing roles at id examples for finding the weight 

"and dimensions of balls and shells, with their appropri- 

"ate quantities of powder Revised and corrected by 

"John D Craig, professor of Mathematics.^' 

In conformity to the act of the congress of the United States* 

intitled, **Ao act for the encouragement of learning by securin|r 

the copies of maps, charts and books, to the authors ana 

proprietors of such copies during the times thentiiw mention* 

od** And also to the act, intitltd **An aet supplemenury to 

the act intitkd, * An act fat the encouragement of learning, by 

securing ^e copies of maps, charts* ana books, to the authors 

and proprietors of such copies dtu*ing the times therein men- 

ticntd.' ;*i d extending the benefits thereof to the arts of de« 

s igaingt eQgraiiiig..«iid etching historical and other pr.nts '* 

PHILIP MiiORE, 
eicrk ^ tk0 JHntrict oj Mmitanii 



PREFACK 



BV THB BDiTOIL 



,V 






iHBmany edition which Mr. HaWney^b 
Treatise oq< Aiea^uratioo has gone through, 
are evident proofs of its general utility. But 
a.t the time when this wortc was first pub- 
li:4lLed, it WM oat the practice in schooii^ for 
^ ^ each seliolai; to have a printed book by him^ 
^ while engaged in the study of aritlimetic and 
^ mensuration ; consequently Vln. Ha wn by 
gave no particular examples as exercises for 
W a learner, witliout working them at full lengthy 
' and explaining every step. Though this was 
. perhapi^ originally an advantage to the book, 
^^^ it precluded the use of it in oor modern 
; schools ; for with such assif^tance, a boy of 
rv good abiflities would naturally become indo- 
kut, for want of something to ekert his ge- 
^ nius ; and a boy of a heavy disposition wo<ild 
be inrluced to copy ail his work from the 
book- 
To remedy these inconveniences, the proi. 
prietors of the work engaged the present edi- 
tor to make such alterations and additions as 
would render it useful in schools, without 
diminishing its former. plainness and perspi- 
cuity. 



XV PREFACE. 

On examination of the sixteenth edition^ 
the editor found it to be i eplete with erroi fi^ 
owing to the inattention, or incapacity of those 
who bad the care of the press, since the death . 
of the author. Hence arose the necessity of I 
working every example anew^ and examining 
•very, rule with the greatest care. This was 
attended with considerable labour, and at the 
same time was not a very agreeable task ; | 
for as the nature and plan of the work has 
undergone little or no change, so the merit is 
still due to the author, while the errors, if any 
0f consequence are left, will be attached to | 
the present editor. 

The first nine chapters are in substance the 
same as in ibrmer editions. The Xth, Xltb, i 
and Xllth are added by the editor, besides 
various rules and observations throughout the 
work^ the principal of which are distinguish- 
ed in the table of contents by prefixing an 
asterisk** 

The mensuration of the five regular bodie^s 
is placed immediately after the mensuration 
of solids, and these are succeeded, by board 
and timber measure. 

In the former editions, timbsr measuring 
was divided into several sections ; as, squar- 
ed timber, or pieces of timber in the form of 
a paralklopipedon ; unequal squared timber^ 
or pieces of timber in the form of the frustum 
of a pyramid ; round timber with equal bases 
or pieces of timber in the form of a cylinder $ 
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round timber with unequal baseSf or pieces 
of timber in the form of the froBtom of a 
cone : and the contents were founds both by 
the customary method of measuring timber^ 
and likewise by the rule for each respective 
sotid. In this edition these examples are 
placed under the several rules to which they 
belong, and are distinguished by asterisks^ ^ 
and in timber measuring they are brought 
forward, and solved by the customary method^ 
with reference to the pages where they are 
truly solved. By this means several pages 
have been saved for the introduction of mone 
useful matter. 

The gauging and surveying, which were 
given in the former editions by way of ap- 
pendix, are introduced in this edition with- 
out that distinction. The former has under* 
gone such alterations as will render it very 
useful for those who are candidates for the 
excise, or who want to find the contents of 
different kinds of vessels. And the latter 
will b^ found to contain sufficient information 
for such as want to find the true content of 
any single fieUV or parcel of land, by the 
chain and cross -staff only To form the 
complete ganger and surveyer, recourse must 
be liad ta treatises written expressly for the 
purpose. 

The practical questions, whiclt preceded 
the appendix, are now placed at tjie end 
of the book and in the same order in whicfi 

they were formerly arranged. 

1^ 



The rest of the practical examplea thronj;h« 
out the work, which amount to about four 
hundred^ are given by the editor ; several of 
which were copied from a manuscript^ con- 
taining notes and observations on HawK£T, 
by VIk. Uawks, master of the academy at 
Bromley^ in Kent. • 

] D this edition eighty new geometrical fig- 
ures, illustrating the different problems, ara 
likewise given ; so that neither pains nor ex- 
pense have been spared, to render this work 
of eqfial utility^ with any other of a similar 
nature. 

Ueddon- Court y SwaUow-gtreety 
Septemberp I7tf8» 
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THS FOLLOWING WORK. \ 

Charact. J^Tames. SignHications. 

f r» I 1 the sign of addition, as 2+4 815:111- 

^ 1 "^^-^^ 3 together. 

f Eii- ) the sign of subtraction, as 8 — S sig- 

^ 1 Minus, tnifies thatS is to be subtracted 

. I or less J f^^^ g^ 

( multipli- ) the sign of multiplication, as 7X5 
X < ed into or > signifies that 7 is to be multiplied 
^ bj ) into or by 5» , . 

1 the sign of division, as 9-4-3 signi- 
Vlie» that 9. is to be divided by 3 j 
J and I or 3-9, signifies, the same. ^ 
\ the sjgn <rf equality, as 9=^9 signi- 
f fies that 9 is equal to 9. or 5+4— 
equal r. 2 =7 signifies that 5 increas •? f 
^ *® ) 4 and diminished by 2 is equal to 7i 
5 Proper- > as 2 : 4 : : « : 16 signifies that 2 is 
* * • 'I tion, J to 4 as 8 is to I6. 
ifi«, »i*, signifies the square or cube of the letter «. 

Tfc« signifies the square of the line TS. 

s/aK signifies the square root of aAt 
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CHAPTER I. 
^otArioti of Dkcimals, 

A DECIMAL fraction is an artificial way of setting 
down and expressing natural, or vulgar fractions, as 
whole numbers. A decimal fraction has always for 
its denominator an unit, with a cypher or cyphers an- 
nexed to it, and must therefore be either 10, 100, 1000, 
10000, &c. and consequently in writing down a decimal 
fraction there is no necessity for writing down the de- 
nominator 8 as by bare inspection, it is certainly known, 
consisting of an unit with as many cyphers annexed to it 
as there are places (or figures) in thie numerator. 

Examples. ' The decimal fraction -^ may be writ- 
ten thu8« .£5, its denominator being known to be an 
unit with two cyphers; because there are two figures 
in the numerator. In like manner, j^nnr ^^J ^^ ^^^^ 
written, .125 : ^Viftrir thus, .5575 ; ^fj^^ thus, .075 ; 
^^^ JT^ thus, .0005. 

B 



2 dotation of Decimals^ 

As YfhoYe numbers increase in a ten -fold proportioiky 
towards the left hand, so on the contrary, decimals de- 
crease towards the right hand in the same proportioo^ 
as in the following table. 
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cSCcoCc.-ccoccss 
765 '4 3210, 123456 



Hence it appears, that cyphers put on the right 
hand of whole numbers, increase the value of those 
numbers in a ten-fold proportion: But being annexed 
to the right hand of a decimal fraction, neither increase 
nor decrease the value of it ; So -^^^ is eciuivalent to 
^^ ox .25. And* on the contrary, though in whole 
numbers, cyphers before them neither increase nor di- 
minish the value ; yet cyphers before a decimal fractiaa 
'diminish its value in ^ ten-fold proportion : For .25, if 
you put a cypher before it, becomes ^^^ or .025 : And ' 
ri25 is foVdVft y ^7 prefixing two c^^phers thus, .00125.-^ 
And therefore when you are to write a decimal fraction^ 
whose denominator has more cyphers than there are fi- 
gures in the numerator, the places of such figures must 
be supplied by placing cyphers before the figures of your 
numerator $ as, suppose -^^^ were to be written dowa 
without its denominator ; here, because there are three 
cyphers in the denominator, and but two figures in the 
numerator, therefore put a cypher before 19| and set it ^ 
dawn thus,. 019. '^ 
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Reduction of Decimals^ 

In Reduction ot Decimals, there are three cases ; 
1st, To reduce a vulgar fraction to a decimal. Sdly, 
To find the value of a dei imai in the known parts of 
coin, weights, measures, &c. and Sdlj, To reduce coin, 
weights, measures, &c. to a decimal. 

h*To reduce a Vulvar Fraction ta^a Decimal. 

THE RULE. 

As the denominator of the given fraction is to its 
namerator, 'so is an unit (with a competent number 
of cyphers annexed) to the decimal required* 

Therefore, if to the numerator given, you annex a 
competent number of cyphers^ and divide the reftult bj 
the denominator, the (quotient is the decimal equivalent 
to the vulgar fraction given. 

Example 1. Let | be given, tc be reduced te a 
decimal of two places, or haymg 100 for its denomina- 
tor. 

To S (the numerator given) annex two cyphers, and 
it makes 300, waich divide by the denominator 4, and 
the quotient is J5^ the decimd required, and is equiva- 
lent to f jriv« n. 

Note That so many cyphers as you annex to the 
jl^ven numerator, so many places must be p^iinted off 
in the decimal found ; and if it should happ^^n, that 
there are not so many places of figures in the qu<iti' 
€Dt, the deficiency must be supplied, by prefixing cy> 
Ihers to the quotient figures^ as in the next example. 



4 Seduction of Decimals. 

^ Example 2. Let ^^ be reduced to a decimal haying 
six places. 

To the numerator annex six cyphers, and divide 
by the denominator^ and the quotient is 5235, but it 
yras required to have six places, therefore you must 
put two cyphers before it, and then it will be .005S35, 
which is the decimal requtredi and is equiyalent 

3 
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See the work of these two examples. 



4)3.00(.r5 5rS)3.00000a(-005235 

£8 



• • • 



20 1350 

20 

2040 

3210 

345 
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In the second example there remains 545, which re- ' 
mainder is very insignificant, it being less than njroWff 
part of an unit, and therefore is rejected. 



FRAGTIOAL EXAMPLES. 

3. Reduce f to a decimal. Ms. .57142 r^m. 4. 

4. Reduce -^ht to a decimal. 

Ans, .0041 1522G3 rem. 91; 

5. Reduce i of § of | to a decimal. 

* jJns. .20833, &c. 

6. Reduce 15 ^ to a mixed decimal. 

Ms. 15.38461 rem. 7. 

7. Reduce A to a decimal. 

Ms. .17241379 r«m. 1>, 

%. Rediuce i4t to A decimal. 

Ans, »026178010471 rem. 39. 
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Seduction ^LDecimaU* 9^ 

NoTB. A finite decimal il that which ends at ft 
certain number of places^ such for instance as ex- 
ample 1. But an infinite decimal is that which no 
where endS) but is understood to be indefinitely con* 
tinued, such as example 3.-—^ short, all fractions 
whatever, whose denominators are not composed of d 
or 5, or both, will- have their correspondent decimal 
infinite. The method of managing circulating decimals 
maj be met with in Keith*8 arithmetic, jndj several 
others; but for common use, all the deciC^Bbeyond 
three or four places, may be safely rejected,^^Bput af* 
fecting the truth of the conclusion. 

II. To find the value of a Decimal in the known parts 
of money,, weight, m^mret ^c* 

THB RULE* 

Multiply the given decimal by the. number of partS;/- 
in the next inferior denomination, and from the pro-»- 
dact point off so many figures to the right hand as there 
were figures in the decimal given; and multiply those 
figures pointed off by the number of partd in the next in- 
ferior denomination, and point off so many pUcesi as 
before, and thus continue- to do tilt you have brought it 
to the lowest denomination required. 

Example I. Let . 7565 of a pound sterling be given 
to be reduced to shillings^ pence and farthings. 

Multiply by 30, by 12, and by 4, as the rule directs,, 
and always point off four figures to the right hand, and- 
yott will find it make 15s. Id. 2^.- See the work* 

.7565 
20 



/ 



9. 

15.1300 
12 
d , 

1.5600 
4 

q. 

^•240a 

B2 




6 JBeductionW Decimals* 

Example 2. Let •597^ of a pound troy be reduced 
to ounces, peunj-weights and erains. 

Multiply by I2f by SO) and by 24, and always point 
off fiv6 figures towards the rieht hand, and you will 
find the answer to beX az. 3 awi$* 10 gr* fere. See 
the work. 

.59755 
12 




7.17060 

20 o», pwts, gr. 

Facit 7 3 9.888. 

3.41200 

24 



164800 
82400 

9.88800 



Example S. Let .43569 of a ton be reduced to 
hundreds, quarters, and pounds. 

Multiply by 20^ by 4, and by 28, and the answer will 
be 8 C. flqrs. 24 lb. fere^ 



.43569 
20 

8.71380 

4 C qrs. lb. 

■■ Facit. 8. 2 23.9456 

2.85520 
28 



j$3.9456e 
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ExAi^PLE 4. Let m^595 of a foot be reduced into 
inches and quarters. 

.9595 
12 



11.5140 

4 Facit 11 inches 2 quarters. 

2.0560 

PRACTICAL EXAMPLES. 

5. What is the value of .r575 of a pouod sterling ? 

^ns. 15s. l|d. .2. 

6. Required the value of •754S5 of a shilling r 

Ans. 9.0522 pence. 

7. What is the value of .375 of a guinea ? 

Ans, 79. lO^d. 

8. What is the value of .4575 of a hundred \vei;;ht? 

Arts. 1 qr. 23 lb. 3 oz. 13.44 drams. 

9. What is the value of .175 of a ton avoirdupciis ? 

Ans. 3cwt. 2qrs. 

10. Required the value of .02575 of a pound trov ? 

Ans, 6 dwt. 4.32 grs. 

11. What is the value of .04535 of a mile ? 

Ans. 14 p. 2 yds. 2 ft. 5 in. 1.128 bar ley-corn. 

12. What is the value of .6375 of an acre ? 

An&. 2 roods 22 perches. 

13. What is the value of 574 of a hogshead of beer P 

Ans. SO £al. 3 qt. 1.968 pt. 

14. What is the value of .4285 o? a year ? 

Ans. 156 days, 12 hrs. 13 m. 51 sec. 36 thirds. 

III. To reduce the known ports of money, weights^ mea* 

surej ^c. to aaecimaL 

THE RULE. 

V 

To the number of parts of the less denomination 
given^ annex a competent number of cyphers^ and 



8 Reduction of Decimals, 

divide by the number of 8ucb parts tbat are contained 
in the greater denomination, to which the decimal' 
18 to be brought; and the quotient Is the decimal 
sought. 

Example 1. Let 6d»~ be reduced to. the decimal of a 
pound. 

To 6 annex a competent number of cyphers (sup- 
pose 3,^ and divide the result by 240 (the pence in a 
pound}) and the quotient is the decimairequired. 

a40)6.000(.025 

1200 

Facit .025 



Example % Let Sd. | be reduced to the decimal of 
a pound, having six places. 

In 3c{. ;| there are fifteen farthings, therefore to 15 
annex six cyphers (because there are to be six places in 
the decimal requiredi) and divide bv ^60 (the farthings 
in a pound^) and the quotient is .015625. 

9610)15.0000010(.015625 

/ 

• • • •" 

540 
600 
240 
480 



•• • 



ExAicpLK 3. Let 3 1 inches be reduced to the deci« 4 
mal of a foot^ consisting of four places. ' 1 



^'^• 

<<ii 



Seduction of Deeimds. 9 

In S^ inches^ there are 13 qaarters ; therefore to IS 
annex four cjphers, and divide by 48 (the quarters iB 
a foot) and the quotient is .2708. 

48)13.0000(.2708 

^ S40 

400 

16 

Example 4. Let 9 C. 1 ar, 16 lb. be reduced to the 
decimal of a ton, having 6 places. 

C* qr» Uf. 

\ 9 1 16 2£4O;iO52O0OO0O(.46^964S 

i 4 



• ••*•• 



37qr9» 15600 
58' 



£1€00 



S0£ 

75 14400 



lOaS Pounds 9600 



6400 
1920 



Facit '•469642. 

FRAOTIOAL EXAMPLES. 



5. Reduce Ts. 5^d. to the decimal of a pound ? 

Ms. ^.5729166, &c. 

6. What decimal part of a pound stfiltn^ tr* (hree 
hair pence? Ms, i iH)i6^25. 

7. Reduce 4». T^d. to the decimal ol a pound 8ter-— /^ 
ling r Ms, I .)iS^o757^ &c. < 




iO Mdiiion of Decimals^ 



8. Replace 10 ox. 11 dwt, SgrAo the decimal of a 
pound X roy ? Jins. .1^96875 lb. 

9. Reduce 3 cwt. 1 ^. 14 lb. to the decimal of a 
Ton? Ms. .16875 Ton. 

10 Reduce S12 feet 7 inches to the decimal of a 
Foot ? Jns. 2^.5833 Feet. 

11. Reduce £ qrs, 15 lb. to the den.ual of a hundred 
weight P Jina. .63362837 14, Ilc. cwt. 

12. What decimal part of a jear is 3 tr. 4 d. 55 
hours, reckooiog 365 da^ b 6 hours a Y^ar ? 

^ns. .074730511065 yr. 

13. Reduce 2.45 shillings to the decimahtif a pound ^ 

Wns /.1 235. 
14' Reduce 1.074 roods to the decimal of an Acre? 

dns. .2685 Acre. 
15. Reduce 17.69 jards to the decimal of a mile ? 

•^ns. .010051136 m. 



/ 



CHAPTER III. 
AoDiriojn of Dbcimai^» 

AdOTTION of decimals is performed the same way as 
Addition of whole numhers, only you must observe to 
placH y(>ur numbers rt^ht, that is all the decimal points 
UDfier each otberi units under units, tenths under 
tenths, &c. 

Example, Let 317.25; 17.126; 9.75,^ \ 47.3579; 
and 12.75 ; be added together into one sum. 

317.25 

17.125 
275-5 

47.3579 

12.75 



Sum 669.9829 



K~T 



Subtraction of Decimals, 



11 



VBACTIOAL EXAMPLES* 

2. Add 5.ri4 ; 3.456; .543 ; ir.495r together. 

Sum 27. 208r. 

3. Add 3. 754 j 47,5 j .00857 5 and 37.5 together. 

Sum 88.76257. 

4. Add 54.34; .575} 14.795 ; and 1.5 together. 

Sum 71.01. 



CHAPTER IV, 
SuBTRjcrioN of Decimals, 

Subtraction of decimals is likewise performed 
the san\e way a« id whole numbers, respect being had (aa 
in addition > te the right placing of the numbersi as in the 
following examples. 



From 21^.0137 
Subtr. 31.1275 

Re^ 180.8869 



(2) 
From 20M25 

Subtr. 5.57846 



Rests 195.54654 



Note. If the number of places in the decimals be 
more in that which is to be subtracted, than in that 
which jou' subtract tromy you must suppose cyphers 
to mtkt up- the number of places as in the second Ex- 
ample. 



1»RA0TI0AL EXAM7LSS. 

S. Required the ijifference between 57.49 and 5.768? 

•^n3. 51.722. 



1£ Multiplieation of JDeeimals. 

4. What is the diflfereace between .3054 and 3.054 > 

Arts 3.7486. 

5. Required th.e difference between 1745 3 and 
173.45 ? A^is. 1571.85. 

6. What 19 the difference between seven tenths of an 
unity 4ind fifty-four ten thousand parts of an unit P 

Ans .6946. 

7. What is the difference between .105 and 1.00075 ? 

Ms, .K957fi. 

8. What 18 the difference between 150.43 and 755.355? 

Ms. 604. 9£5. 

9. From 1754.754 take 375.494478 ? 

Ms. 1379.259522. 

10. Required the difference between 17.541 and 
95*49 } Am. 17.949. 



CHAPTER V. 

JHuLTlPLICJrJOS of DMCiMALSi 

MULTIPIC ATION of decimals is also performed the 
same way as Multiplication of whole numbers; but to 
know the value of the product) observe this Rule : 

Cut off", or separate by a comma or point, so many de- 
cimal places in the product, as there are places of 
decimals in both factors, viz. both in the multiplicand 
and multiplier. 

Example 1. Let 3.125 be multiplied by 2.75. 

Multiply the numbers toj^ether, as if they were wbole 
numbers, and the product is 8.59375 : And because 
there are three places of decimals pointed off* in the 
multiplicand, ana two places in the multiplieri there- 
fore you must point off five places of decimals in die 
product) as you may see by the work. 



MuUipUcation of Deeimah. li 

MuUiplicand 3.125 
Multiplier 2.75 

15625 
21875 
6250 



Prodact 8.59375 

Example 2. Let 79.25 be multiplied by .459. 

In this examplei because two places of decimals are 
pointed off in the multiplicandy and three in the multi- 
plier,, thcrrefore there must be fire pointed off in the 
product. 

Multiplicand 79.25 
Multiplier .459 

71325 
S9625 
31700 



Product S6.$7575 

Example 3. Let 1.35272 be multiplied by .00425* 

In this example, because in the multiplicand are 
six decimal places and in the multiplier nve places ; 
therefore in the product there must be eleven places 
of decimals ; but when the multiplication is finished^ 
the product is but 57490600 viz. only eight places $ 
therefore, in this case, you must put three cyphers be- 
fore the product figure^i^, to make up the number of 
eleven places : So the true product will oe .00057490600. 

Multiplicand •135:272 
Multiplier .00425 

676360 
270544 
541088 



Product .0005^490600 



14 Contracted MultiplieaHon* 

PRACTICAL EXAMFIrBS; 

4. Multiply .00147£bj .1045. 

Product .0001558240. 

5. Multiply .017532 by 347. Product 6.083604. 

6. Multiply '179.^5 by .445. Product 124.26625. 

7. Multiply 32.0752 by .0325. 

Product 1 .05244400. 

8. Multiplv 4.443 by 15.98. Product 70.99914. 

9. Multiply 20.029 i by S5.45. 

Proc^ttct 710.031595. 

10. Multiply 7.3564 by 0126. 

Prodacf .09269064, 

11. Multiply .75432 by 0356. 

Product .026853792. 

13. Multiply .004735 by .0374. 

Product .0001770890. 



Contracted MuL^iPLicjrioif of Decimals. 

Because in multiplication of decimal ptrtS) and mix- 
ed numbers, there is no need to express all the figures 
of the product, but in most cases two, three or four 
places of decimals will be sufficient ; therefore, to cob» 
tract the work, observe Jhe following 

RULE. 

Write the unit's place of the multiplier under that 
place of the multiplicand, which you intend to keep 
in the product : then invert the order of all the other 
figures 5 that is write them all the contrarj^ way ; and 
in multiplying, begin always it that figure in the multi- 
plicand which stands over the figure you are then 
multiplying withal, and set down the first figure of 
each particular product directly one under the other : 
But take care to increase the first figure of every line 



I 

1 



Contracted MultiplicatiofL 15 

of the product, with what would arise by carrjing 1 
from 5 to 15 ; 2 from 15 to 25 ; 3 from 25 to 35, &c. 
from the product of the two figures (in the multipli- 
cand) on the right-hand of the multiplying figure* 

Example 1. Let 3.S8645 be multiplied by 8.2175, 
and let there be only four places retained in the de- 
cimals of the product* 

First, according to the directions, write down the 
multiplicand, and under it write tiie multiplier, thus : 
place the 8 (beins the unit's place of the multiplier) 
under 4,^e4aartn place of decimals in the tAuitipli<* 
cand,' and write the rest of the figures quite contrary 
to the usual way, as in the following work : Then 
begin to multiply, first the 5 which is left out, only 
with regard to the increase, which must be carried 
from it ; saying, 8 times 5 is 40 $ carry four in your 
mind, and say, 8 times 4 is 33, and 4 1 carry, is 36 ; 
set down 6, and carry 3, and proceed through the rest 
of the %ure8 as in common multiplication* Then 
begin to multiply with 2; saying 2 times 5 is 10, 
nought and carry one ; 3 times 4 is 8, and 1 is 9, 
for which I carry 1, because it is above 5; then 2 
times 6 is 12, and one that I carry is 1 3 ; set down 3 and 
carry 1 ; and proceed through the rest of the figures 
as in common multiplication. Then multiply with 1 : 
sajing, once 6 is 6, tor which I carry one, and say, once 
$ IS 8, and 1 is 9 ; set down 9, and proceed as in com- 
mon multiplication. Then multiply with 7 : saying, 
7 times 6 is 42, 2 and carry 4 ; 7 times 8 is 56, and 4 
is 60, nought and carry 6 ; 7 times 3 is 21, and 6 is 27 ; 
set down 7 and carry 2, and proceed. Lastly, multi- 
ply with 5 : saying, 5 times 8 is 40, nought and carry 
4 ; 5 times 3 is 15, and 4 is 19 ; for which carry 3, and 
say, 5 'times 2 is 10, and 2 that I carry is 12 ; which 
set down, and add all the products together, and the 
total will be 19«6107.>-See the work. 



H 



Contnetei Mdttplieation. 



Contracted, 
2.38645 
5712.8 


Common. 

2.3864(» 
8.2175 


1909]6 

4773 

239 

167 

12 


11 
167 

238 

4772 

190916 


93225 

0515 

645 

90 




19.6107 

* 


19 6106 1 52875 



I have here ^et down the work of the last example 
wrought by the common way, by which you may see^ 
the reason of the contracted way^ i^A the figures on ih% 
right-band of the line being wholly omitted. 

Example 2. Let 375. 13758 be multiplied by 16.7 324^ 
so that the product may have but four places of d^ 
cimals^ 

375.13758 the Multiplicand. 
4237.61 the Multiplier reversed* 

>— i— i— — — — I — 

37513758 the product with 1 
2250820 5 the prod, with 6 increased with 6xB 
2625963 the prod, with 7 increased with 7x8x5 
11*^541 the prod, with 8 increased with 3x5X7 
75('3 the prod, with 2 increased with 2X7X3 
1500 the prud. with 4 increased with 

6276.95120 the product required. 



PRACTICAL EXAMPLES. 



Example 3. Multiply 395,3756 by ,75642. 

Ms. 299.0699. 



Bimshn of IhcimaU. 17 

4w Let 54 7494S67 be multiplied bj 4.7H75S reserv- 
ins ooij Ave places af decimals in the product. 

Ms. 258.67755. 

5 Multiply 475.710364 by .3416494 and retain three 
decimals itf the product. Ms, 16£.525... 

6. Let 4745-679 be multiplied by 751.4549, andre- 
serve only the integerSi or whole numbers, in the pro- 
duct. Ans. 3566163. 



CHAPTER n. 



DiVISJOXf of DZC2MJIS» 

Division of decimals is performed in the same 
manner as division of whole numbers : to know the 
value or denomination of the quotient, is the only dif- 
ficulty ; for the resolving of which, observe either of 
the following. 

BULBS. 

I. The first figure in the quotient must be of the 
same denomination with that figure in the dividend 
which stands (or is supposed to- stand) over the unit's 
place of the product of the first quotient figure by the 
divisor. 

IL When the work of division is ended, count how 
many places of decimal parts there are in the dividend 
more than in the divisor ; for that excess is the num- 
ber of places which must be separated in the quotient 
for decimals. But if there be not so many figures in 
the quotient as there are in the said excess, uiat defi« 
<;ienc^ roust be supplied, by placine cyphers before 
the significant' figures, towards the left-hand, with a 
point before them ; and thus you will plainly discover 
the value of the quotient. 

C IS 



IS Bivm&h of Becinudi* / 

These following dir$etion8 ovghi also to he earefullg 

obsiTvedLm 



If the divisor consist of more places than the divi- 
dend) there must he a competent number of cyphers 
annexed to the dividendi to make it consist of as many 
fat least) or more places of decimals than the divisor $ 
for the cyphers added mnst be reckoned as decimals. 

Consiaer whether there be as many decimal 'parts 
ii\. the dividend as there are in the divisor ; if there 
he not, make them so many, or more, by annei^ing 
cyphers. 

In dividing whole or mixed numbers, if there be a 
remainder* yon may brin^ down more cyphers ; and, 
by continuing your division, carry the quotient to as 
many places of decimals as you please. 

Example 1. Let 48 be divided by 144. 

In this example the divisor 144 is greater than the 
dividend 48; therefore, according to the directions 
above, I annex a competent number of cyphers (mx* 
Ibur,) with a point before them, and divide in the hsq^* 
al way. 



244)48.OO0O(.3Sd3 
433 




fiut, first, in seeking how often 144 in 48*# (the 
first three figures of the dividend,) I find the unit's 
place of the product of the first quotient figure by the 



I 



\ 
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divisor to fall under the first place of decimals ; there- 
fore the first figure In the quotient is in the first place 
of decimals : Or, bj the second rule, there bein^ four 
places of decimals in the dividend, and none in the 
divisor ; so the excess of decimal places in the divi- 
dend, above that in the divisor, is tour ; so that when 
the division is ended, there must be four places of de- 
iimals in the quotient. 

Example 2. Let 21^.75 be divided by 65. 

First, in seeking how often 65 in 317 (the first three 
figures of the dividend) I find the unit's place of the 
product pf the first quotient figure by the divisor to 
fall under the unit's place of the dividend ; therefore 
the first fi^re in the quotient will be units and alt 
the rest decimals : Or, bv the second rule, there being 
two places of decimals in the dividend, and no deci- 
mals in the divisor* therefore the excess of decimal 
places in the dividend, above the divisor, is two ; so 
when the division is ended, separate two placet is tho 
quotient, towards the right-hand by a point 

65)31775(3.35 . 
195 . . 



227 



325 



• • 



Ssumu 3. Let 276.15975 be divided by 13.S5 

13.25)276.15975(30.163 
2050 .... 



fti59 

8347 
3975 



£0 IKvision of Decimals. 

r 

In this third example the unit's place of the pro- 
duct of the first quotient figure bj the diVisor falls un- 
der 6» the ten's place of the dividend ; therefore, (bj 
the first rule) the first figure in the quotient is ten : 
Or, bj the second rule, the excess of decimal places in 
the dividend) above the divisor, is three ; there being 
five places of decimals in the dividend, and but two ia 
the divisor, so there must be three places of deoimala 
in the quotient. 

ExAMPLB 4; Let 15.675159 be divided by 975S9. 

375.89)1 5.675 159(.04l7 
1.^0358 



63955 
363669 
546 



In this fourth example, the unit's place of the pro- 
duct of the first quotient figure by the divisor, fells 
under 7, the second place of decimals in the dividend* 
therefore (hv the first rule) the. first figure in the quo- 
tient is in the second place of decimals 5 so that you 
must put a cypher before the first figure in the quo- 
tient; and by the second rule, the excess of decimal 
places in the divisor is 4 ; for the decimal places in 
the dividend are 6, and the number o£ places in the 
divisor but two; therefore there must be four places 
of decimals in the quotient : But the^ division being 
finished after the common way, the figures in the quo- 
tient are but three, therefore you must put the cypher 
before the significant figures. 



1 



Bivision of Decimals^ %i 

ExAUVtZ 5. Let 72.1.564 he divided by .1347. 

.1347)72.1564(53^.68 
67J35. . 




9190 



11080 



304 



In this example, the divisor being a decimal) the 
last figure^ of the product of the first quotient figure 
bjr the divisor fails under the ten's place in the divi- 
dend, therefore the units (if there had been any) 
would fall under the hundred's place in the dividend* 
and so the first figure in the quotient is hundreds. 
And by die second rule, there being four places of 
decimals in the dividend, as many in the divisor, so 
the excess is nothing ; but in dividing I put two cy- 
phers to the remainders, and eontinue the division 
to two places fiir^er $ so 1 have two places of deci* 
mals. 

Example 6. Let .125 be divided by .0457. 

.0457}.125()000(2.735 
0914. . . 



3360 



1610 
2390 
.105 



--- c _ 
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IHmshn of Deeimah* 



In this example, the unit's place of the product df 
"irst quotient figure bj the divisor (if there had been 
mid fall under the unit's place of the dividend 5 
kdhe first figure of the quotier\t is units. And, 
bj the seW^^uIe, there being seven places of decimals 
in the dividem^M|dbut four places in the divisor, so 
the excess is th^Hk|refore there must be three plaees 
of decimals in th^Btient. 



the! 



PRACTICAL EXAMPLE&i 



7. Divide .0000059791 bj .00456. 

8. Divide an unit by 282, or, in other words, find the 



reciprocal of 282. 
9. Divide .4 by .325. 

10, Divide 495 by .042. 

11. Divide .475321 by 97.453. 
IS. Divide 17.54S275 by 125.7. 



Quotient .0035461 

Quotient 1.2307 

ifuotient 11785.71 

(Quotient 0048774 

Quotient A 395S 



13. Divide 143754.35 by .7493. Q«o«icnM91851.528 



14. Divide 16 by 960. 

15. Divide 12 by 1728 

16. Divide 47.5493 oy 34.75. 

17. Divide 70.3571 by .00573. 

18. Divide ,3754 by 75.714. 



quotimt .01 666^ kc. 
quotient .006944, &c 
quotUnt 1.36832517 
quotient 1:2976.3062 
quotient .004958131 



Birisioif of Decimals eontractedk 

In division of decimals the commoff Way, when the 
divisor has many figures, and it is required to con- 
tinue the division till the value of the remainder be 
but small, the operation will sometimes be lon^ and 

th^' ^^^ °**^ ^^ contracted by the following 



Division of Dtcimah- 



» 



THS RULB. 



By the first rule of this chapter (page 17,) find 
^hat is the valae of the first figure in the quotient e 
then by knowing the first ^re*8 denomination, yoa 
may have as manj or as few places of decimals as 
you please, by taking as many or the left hand figures 
of the divisor as you think convenient for the first di- 
visor ; and then take as many fij^ures of the dividend 
as will answer them ; and, in dividing;, omit one figure 
of the divisor at each foUowina operation ; observing to 
^rry for the increase of the figures omitted, as in con- 
tracted mu Iti plication. 

Note. When there are not so many figures in the 
divisor as are required to be in the quotient, begin the 
division with all the figures, as usual, and continue 
dividing till the number ol figures in the divisor is equal 
to the number of figures remaining to be found in the 
quotient ; after which use the contraction. 

Example 1. Let 721.17562 be divided by 2.257432 ; 
and let there be three places of decimals in the quotient 

Contracted, Common. 
2.25743)721. 175-62(319.46r i 2.25743)721.17563(319.46? 
67-229 I 677329 



4SS)46 
32574 

2^1372 

20SI7 

■"»»^— ■— .• 

1055 

903 



43946 



22574 S 




31372 

^316 

1055 

902 




03220 
80201 

230I& 



^4 Oaniracted Division. 

In this examplet the unit's place of the prodact of 
the first quotient figure b^^the divisor falls under the 
hundred^s place in the dividendi and it is required, 
that three places of decimals be in the quotient, so 
there must bf' six places in ^11$ that is^ three places 
of whole numbers, and three places of decimals* 
Then, because i can have the divisor in the first six 
figures of the dividend, I cut off the 62 with a dash 
01 the pen, as useless ; then I seek how often the divi- 
sor is in the dividend, and the answer is three times ; 
put three in the quotient, and multiply and subtract as 
in common division, and the remainder is 43946 — « 
Then point off three in the divisor, and seek how often 
the remaining figures may be had in 43946, the re- 
mainder, which can be but once ; put I in the quotient, 
and multiply and subtract, and the next remainder is 
21372. Then point off the 4 in the divisor, and seek 
how often the remaining figures may be had in 21 372, 
which will be 9 times ; put 9 in the quotient ; multi- 
ply as in contracted multiplication, and thus proceed 
till the division is finished. 

I have set down the work of this example at large, 
according to the common way, that thereby the learn- 
er may see the reason of the rule ; all the figures on the 
right hand side of tha perpendicular line being wholly 
omitted. 



PRAOTICAX EXAMPLES^ 



2. Let 5171.59165 be divided by 8.75861S;, and let it 
be required, that i'uur places of decimals bv^ pointed off 
in the quotient. Jius. 590.4577. 

3. Let 25.1367 be divided by 21 7,3543, andlet there 
be five places' of decimals in the quiitienc. 

•^715. . 1 1 564. 

4. Divide 7414.76717 bj QJ56T56j and let there be 
five places of decimals in ttie quotient. 



\ 



Extraetiott of (he Spiare £ooC* t^ 

5. Dtyide 514.75498 bj 12.34254, and let then be 
six places of decimaia io the quotient, 

Jtns. 4l.705r57. 

6. Divide 47l94.sr9457 bj 14.73^95. and let the 
quotient contaia as many decimal places as there will 
be iotegersy or whole numbers, in it. 

Jins. 3202.8869. 



CHAPTER VIL 

ExrMJcrjoN of the Shuarb Root. 

If a eqaare numher he given ; 

To find the Uoot thereof, that is, to find out such a 
Bumber, as being multiplied into itself, the product 
shall he equal to the number given ; such operation is 
called, The Exiraction of the Square Root / which to 
do, observe the following directions. 

\st^ You must point your given numbers ; that is, 
make a point over the unit's place, another over the 
bond red ^9 and so over every second figure throughout 

2dLy^ Then seek the greatest square number in the 
first period towards the left handi placing the square 
number under that point, and the root thereof in the 
quotient, and subtract the said square number from the 
first point, and to the remainder bring down the next 
point, and call that the resolvend. 

%dly^ Then double the quotient, and place it for a di- 
visor on the left hand of the resoivend ; and seek how 
often the divisor is contained in the resoivend (re- 
serving always the unit's place) and put the answer in 
the quotient, and also on the right hand side of the 
divisor ; then multiply by the figure last put in ihe 
quotient, and subtract the produet from the resoivend 
(as in common division) and bring down the uext point 

D 



26 Bxtraetum of the Square Root 

to the remainder (if there be any more) and proceed as 
before* 

A Table of Squares and their Roots. 



Root I 1 I 2 I 3 I 4 } 5 I g I 7 > b { 9 | 
bquaie | 1 | 4 | 9 | 16 | 25 [ 36 | 4-^ | 6i | 8| 



Example 1. Let 4489 be a number given, and let 
the square root thereof be required. 



• • 



4489(67 
S6 



127)889 Resolvend. 
889 Product. 



• • • 



First, point the given nnmber, as before directed ; 
then by the little table foregoingi seek the greatest 
square number in 44 (the first point to the leit-hand) 
woich you will find to be 36, and 6 the root; put 36 
under 44, and 6 in the quotient, and subtract 36 from 
44, and there remains 8. Then to that 8 brin» down 
the other point 89, placing it on the right-hand, so it 
makes BS9 for a resolvend ; then double the quotient 
6, and it makes 12; which place on the lelt-hand for a 
divisor, and seek how often 12 in 88 {reserving the 
unites place) the answer is 7 times ; which put in the 
quotient, and also on the right-hand side of the divisor, 
and niuUipIv 1^7 by 7, as in comnton division, and the 
product is 889, which subtracted from the resolvend, 
there remains nothing; ; so is your work finished ; and 
the square root of 4489 is 67 ; which root if you multi- 
ply by itself, that is 67 by 67, the product will be 4489, 
equal to the given square number, and proves the 
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work to be right* Had there been anj remainder it 
mast have been added to the square of the root found. 

Example 3. Let 106929 be a number giveni and let 
the square root thereof be required. 



106929(327 
9 



62) 1 69 Resolvend^ 

1 24 Product* 

647)4.529 Resolvend* 

4539 Product 



• • • 



Pirst» point jour giyen number, aa before directed, 
putting a point over the units, hundreds, and tens . of 
thousands ; then seek what is the greatest souare num- 
ber in 10 (the first point) which by the little table 
jou will find to be 9, and 3 the root thereof; put 9 
under 10, and 3 in the quotient \ then subtract 9 out of 
10, and there remains 1 ; to which bring down 69, the 
next point, and it makes 169 for the resolvend ; then 
double the quotient 3, and it makes 6^ which place on 
the left hand of the resolvend for a divisor, and seek* 
how often 6 in 16 ; the answer is twice , put % in the 
quotient, and aUo on the right-hand of the divisor 
making it 62. Then multiply 62 by the 2 you put in 
the quotient, and the product is 1^4; which subtract 
from the resolvend, and there remains 45 ; to which 
bring down 39, the next point, and it makes 4529 for 
a new resolvend. Then double the quotient 32, and it 
makes 64, which place on the left side of the resolv* 
6nd for the divisor, and seek how often 64 in 452, 
wWibh you will find 7 times : put 7 in the quotient, and 
also on the right-band of the divisor, making it 647^ 
which multiplied by the 7 in the quotient, it makes 
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4529, which subtracted from the resolvend, there re- 
mains nothing So 327 is the square root of the given 
number. 

Note. The root will always contain just so many 
figures, as there are points over the given number to 
be extracted : And these figures will be whole num- 
bers or decimals respectively, according as the points 
stand over whole numbers or decimals.— The method 
of extracting the square root of a decimal is eicactly 
the same as in the foregoing examples, only if the num« 
ber of decimals be odd, annex a cypher to the right 
band to make them even befure you begin to point. 
The root may be coi^tinued to any number of figures 
you please, By annexing two cyphers at a time to each 
remainderi for a new resolveod* 



PRACTICAL EXABIPLBS* 

3. It is required to extract the square root of 
2268741. Jins. 1506.23. Uem, 121 b71. 

4. What is the square root of 7596T96 ? 

JStns. 2:56,228. Rem. 3212016. 

5. What is the square root of 75 1427.6745 ? 

Ms. 866.84. Rem. j59889. 

6. Extract the square root of 656714.37512. 

Ms. 810 379. Bern, 251479.- 

7. What is the square root of 1 524 1 5787 50 1 9052 1 ? 

Ms. 123456789. 
8.Whatis the square root of 75347? 

Ans. 8.6f:03649r29« Rem. 34536226559. 
9. What is the square root of .4325 ? 

Ms. .65764. Rem. 96304. 

To extract the Square Root of a Vulgar Fraction^ 

RULE. 

1. Reduce the given fraction to its lowest terms, if 
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it be not in its lowest terms already $ then extract the 
square root of the numerator for a new numerator} and 
the square root of the denominator for a new de- 
nominator. 

2. If the fraction will not extract even, reduce it to a 
decimal and then extract the square root 

S. When the number to be extracted is a mixed 
fraction^ reduce the fractional part to a decimal} and 
annex it to the whole number, then extract the square 
root 

Example 1. Extract the square root of iH 

First, m is equal to fj- in its lowest terms, the 

square root of 25 is 5, and the square root of 36 is 6 ; 

therefore f is the root required. 

Example 2. Let seven-eighths be a vulgar fraction 
pyen, whose square root is requiredt 

S)7.000 . (.8750O0OO(.9354 

64 81 

60 * 183)650 
56 549 



40 1865)10100 
40 9S25 



18704)77600 
74816 



2684 



Reduce this f to a decimal, it makes .875 ; to which 
annex cyphers, aud extract the square root^aaif it was 
B whole number* So the root is .9354. 



3a 
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Example 3. Let -^j^ be a vulgar fractidOy whose 
square root is required. 



9610)3 000000 
288 

120 
96 

240 

192 

480 
480 



(.0O3125OO(.0559 Root 
S5 

105)625 
625 

1109)10000 
9981 

19 



• « • 



Example 4. What is the square root of 15f ? 
Here j- reduced to a decimal is .625| which annex- 
ed to the 15 makes 15.625, the square root of which is 
3.95284. Rem. 559344. 



PRAOTXOAL EXAMPLKS. 

5. What is the square root of |^ ? Ms, f . 

6. What is the square root of |^ > Jins. f . 

7. What is the square root of ^ ? 

wins. .^918984, ace. 

8. What is the square root of 29^ | Ms. 5 A. 

9. What is the square root of | P ' 

Jlns. 3535. Mm. S775. 



^r«5 
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CHAPTER VIII. 

• 

Extraction of the Cube Root. 

To extract the cube root, is nothine; else but to find 
Boch a number, as being first multiplied into itself, 
and then into that producty produceth the fitiven num- 
ber ; which to perfornii obienre the following direc- 
tions. 

\st. Yon must point your given number, beginning 
with the unit's place and make a point, or dot, over 
everj third figure towards the left-hand. 

3£?/y, Seek the greatest cube number in the first 
point, towards the left-hand, putting the root thereof 
in the quotient, and the said cube number under the 
first pointy and subtract it therefrom, and to the re- 
mainder bring down the next point, and call that the 
resolvend. 

Sdly^ Triple the quotient, and place it under the re- 
solvend ; the unit's place of this under the ten's place, 
of the resolvend $ and call thia the triple quotient* 

4thlyi Square the quotient, and triple the s^are 
and place it under the triple quotient; the units of 
this under the ten's place of the triple quotient, and 
call this the triple square, 

Sthly^ Add these two together, in the same order as 
they stand, and the sum shal) be the divisor. 

&hly^ Seek how often the divisor is contained in 
the resolvend, rejecting the unit's place of the resol- 
vend (as in the square root>} and put the answer in the 
quptient. 
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Tthlift Cube the figiKe last put in the qaotient, and 
put the uDit'g place thereof under tlie unit's place of 
the resolvend. 

Btkly, Multiply the square of the fis;ure last put in 
the quotient into the triple quotient, and place the 
product under the last, once place more to the left- 
hand. 

9thlif9 Multiply the triple square by the fipre last 
put in the quotii^nt, and place it under the last^ one 
place more to the left hand. 

Wthlyy Add the three last numbers tog;ether) in 
the same order as they stand, and call that Uie subtra- 
hend. 

Lastly^ Subtract the subtrahend from the resolvend, 
and if there be another point, bring it down to the re- 
mainder, and call that a new resolvend, and proceed 
in all respects as before. 

Note. To square a number is to multiply that num- 
ber by itself. And, ^ 

To cube a nuiuber is to multiply the square of the 
number by the number itself* 

A TabU of Cubes and their Roots. 



Rootsi 1^2|3|4|5|6|7^|g|9 



H 



Cubes 1 1 8 t 27 I 64 I 125 I 216 j 343 | 512 | 7-29 
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Example K Let 314432 be a cubic Dumber, whose 
roet is required. 



314432(68 Root 
216 



98432 ResolireDd. 



18 Triple quotient of 6. 
108 Triple square of the quotient 6. 

J 098 Divisor. 



512 Cube of 89 the last figure of the root 
1 152 The square of 8» by the triple quptient. 
864 The triple square or the quotient 6 by 8* 

98432 The subtrahend. 



After 70a have ^pointed the given namber, seek 
what is the greatest cube number in -Si4, the first 
point, which» oj the little table annexed to the rule 
you will find to be *J19, which is the nearest that is 
less than 314, and its root is 6 ; which put in the quo* 
tient, and 216 under 314, and subtract it therefrom, 
and there remains 98 ; to which bring down the neit 
pointy 432, and annex it to 98 ; so will it make 9843t 
for the resolvend. Then triple the quotient 6, it makes 
18, which write down the unit's place. 8, under 3, the 
ten's place of the resolvend. Then square the quo* 
tient 6, and triple the square, and it makes 108, which 
write under the triple quotient, one place towards the 
left- hand ; then add those two numbers together, and 
they make 1098 for the divisor. Then seek ^how often 
the divisor is contained in the resolvend*, (rejecting the 
unit's place thereof) that is, how often 1098 in 9843, 
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which is 8 timed ; put 8 in the <|itottent» and the cube 
thereof below the divisor, the unit's place under the 
unit's place of the resolvend. Then square the 8 last 
put in the quotient, and multiply 64, the scjuare there- 
off bj the triple quotient 18 ; the product is 1152 ; set 
this under the cube of 8, the units of this under the 
tens of that Then multiply the triple square of the 
quotient by %% the figure last put up in the quotient* 
the product is 864 ; set this down under the last pro- 
duct, a place more to the left-hand. Then draw a 
line under these three, and add them together, and the 
sum is 98432, which is called the subtrahend ; and be- 
ing subtracted from the resolvend, the remainder is 
nothing; which shews the number to be k true cubic 
number, whose root is OS'] that is> if 68 be cubedy it 
will make 314432. 

For if 68 be multiplied br 6S,the product will be 
4624 ; and this product, multiplied, again bj 68, the 

4ast product is 314432, which shews the work to be 
ight 

ExAMPLK 3. Let the cube root of 5735339 be re* 
quired^ 

After^ou ha^ve pointed the given number^ seek what 
is. the greala^tiUibe number in 5, the first point, which» 
by the little table^ you will find to be 1, which place 
under 5, and 1, the j-oot thereof, in the quotient ; and 
subtract 1 from 5, and there remains 4 ; to which bring 
down the next point, it makes 47S5 for the resolvend* 
Then triple the 1, and it makes 3; and the square of 
1 is 1, and the triple thereof is 3 ; which set one under 
anotheri in their order, and added, makes 33 for the 
divisor. Seek how. often the divisor goes in the rB<iol« 
Tend, and proceed as in the last example. 



♦ • 
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5735339(179 Root 
1 



4735 

3 Triple of the qaotient 1, the first figure* 
3 The triple square of the quotient 1. 

33 The divigor. 



343 The cuhc of 7, the second figure of the root. 
147 The square of 7, multipl. in the triple quot. 3. 
31 The triple square of the quot maitipUed by 7. 

3913 The subtrahend. 



832339 The new resolyend. 



51 The triple of the quot 17, the two first fig.^ 
S67 The triple square of the quotient 17. 



8721 Divisor. 



7«9 The cube of 9, the last figure of the root 
4131 The squ. of the 9, multipl. bj the triple quo. 51 
7803 The triple square of the quotient 867 by 9. 



8^2339 The subtrahend. 



• • » • 



In this example, 83, the first divisor,^ seems to be 
contained more than seven times in 473, the resolvend, 
after the unit's place has been rejected ; but if jou 
work with 9, or 8, you will find that the subtrahend 
will be greater than the resolvend. 
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ExAMPLX^. Required the cube root of dS0698 10125. 



• • • • 



3206^810125(2805 
8 



1406Q Resolvend. 



6 Triple of 2. 
12 Triple square of 2. 



126 Divisor* 



513 Cabe of 8. 
SS^ Square of 8 by 6. 
96 Triple square bj 8. 



13^52 Subtrahend. 



1 17810125 New resolvend. 



84 Triple of 28 
3353 Triple s^j^uare of 38. 

33604 Divisor* 



840 Triple of 280 
235300 Triple square of 380. 

2352840 New divisor. 



Id this example 
13952, being sub- 
tracted from the re- 
solvend 14069, the 
remainder is 1 17 ; 
to which bring down 
810, the Sd. pointf 
and it makes 1)7 8 10 
for a new resolvend ; 
and the next divi- 
sor is 33604, which 
you cannot have 4q 
the said restrivend 
(the unit's place 
being rejected ;) so 
you must put O ta 
the quotient, and 
seek a new divi- 
sor (after you have 
brought down your 
last point to the re- 
solvend ;) which new 
divisor is 2352840$ 
and you will find it 
to be contained 5 
tiroes. So proceed to 
finish the rest of the 
work. 



135 Cube of five. 
21000 Square of 5 by S40. 
1176000 Triple square by 5. 

Il7ftl0|25 Subtrahend. 



. •* 



. . 
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NoTB. The root will always contain jast so many 
figaresi as there are points orer the given number to 
be extracted ; and these fignres will be whole numbers 
or decimals respectively, according as the points stand 
fver whole numbers or decimals* The method of 
extracting the cube root of a mixed number, or deci- 
mal, is the same as in the above examples ; only the 
number of decimals must be made to consist of threCf 
six or ninCf ^c. figures^ by annexing cyphers. 

PRACTICAL EXAMPLES. 

Example 4. What is the cube root of 33461759 P 

JIm. 319 
6. What is the cube root of 84604519 ? JIns. 439 

6. What is the cube root of 359697989? Jtns. 636 

7. What is the cube root of 25917056 ? 

Anfi. 293 9. Rpm. 8995931 

8. What is the cube root of 93759.57507 ? 

Am. 45 43 R^ra, 59186982 

9. Required the cube root of .401719179. 

.^ns. .797. htxR. 1403626 

10. Required the cube root olL.000 1 4 1 6 

• .//ns. .052 flm. 993 

11. Required the cube root of ri26t5327332. 

Am, 4968 

12. What is the cube root of 705.919947384 ? 

JLn%. 8.(;04 Eem. 30. 
IS. What is the cube root of > - , , > -^-. 

1551328.215978515626 ?S 115.7015 

14. The cube root of .576^5 is required. 

•^fis. .b308. Bjum. 8045883 

To extract the Cube Root of a Vulgar Fraction. 



RULE. 

1. Reduce the given fraction to its lowest terms, if 
it be not in its lowest terms already ; then extract 

E 
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the cube root of the numerator for a new namerator, 
and the cube root of the denominator for a new deno- 
minaton 

2. If the fraction will not extract even, reduce it to 
a decimal, and then extract the cube root 

3, When the number to be extracted is a mixed 
fraction, reduce the fractional part to a decimaif and 
annex this decimal to the whole number, then extract 
the cube root. 

Example 1. What is the cube root of f f | ? 
First 141^ is equals to || in its lowest terms, the 
cube root of 27 is 3, and Jhe cube root of 6^^ is 4 ; 
therefore the cube root of f^ is |) the answer* 

Example 3. Let -^^^ be a vulgar fraction, whose 
cube root. is required. 

By the first rule of Chapter IL reduce the vulgar 
fraction to a decimal. 

276)5.OOQD0OO0O(*018ll5942 
276 .T.^*.. 

3240 



320 






440 
1640 

;8poo 

1160 
560 
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.018115942(.262 Root* 
8 



10115 Resolvend. 



6 Triple of 2- 
12 Triple' square of 2. 



126 DiYiflor. 



21 6 Cube of 6. 

d 1 6 Squsre of 6 by the triple of 2. 
72 Triple square by d. 



9576 Subtrahend. 



559942 Resolvend* 



78 Triple of 26* 
20«a Triple square of 26^, 



20358 DiTifor. 
8 Cube of 3* 



312tdBquareof 2 by 78. 
4056 'Criple square 3028 by 2. 



408728 Subtrahend. 



IS 13 14 Remainder. 



You may prove the truth of the work, by cubing the 
root found, as was shewn in the first example; and if 
any thing remains, add it to the said cube, and the 
sum will be the given number, if the work is rightly 
performed. 
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Example 3. What is the cube root of 56623 ^ ? 

Here ^Vy I'^duced to a decimal is .104, which annex- 
ed to 5d025 make^ i663S.104> the cube root df which 
is da. 4. 

PRAtSTlCAL EXAMPLES* 

4. What is the cube root of ^|^ ? Jins. 7 1 638 

5. Re((uired the cube root of ^^|. ^ns. 85324 
t>. ^^ ha is the cube root of i^Vr ? ' •^'w. |. 

7. What is the cube root of f ? ^ns, .82207 

^- ^^*';8 the cube. rDot of || ? jjus. .f^B59i 

«. What « the cube root of^333| ? .Jtns. .17.471 
1 0. n hat is the cube |rooU)f 1 03230 1 ^ f 

'^ ^ J««. 101.07 



CHAPTER IX' 



%^ 



MuLriPLitAri<m of Fbe^, Ihcmes and F4xrs$ or 

DuoDEcii^4i,s. 

'^•!^?•i"'^?*P.''^^**^'^ •^ /^^* a«^ »wcl? is generally 
c&Ued duodectmaU^ because every superior pjac^ is 12 
times Its next inferior in this scale of notation. This 
way of conceiving: an unit to be divided, is chiefly in 
use arqong artificers, who generalty take the linear Si- 
inensions of their work in feet and inchest li ts like- 
wise palled cross muttiplication, because the factors 
are sometimes mul tiplied crosswise. 



RULE I. 



1. Under the multiplicand write the corresponding 
denominations of the multiplier; that is, feet under 
feet, inches under inches, p$rts under parts, &c. 
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2. Moltiplj each term In the rouUiplicand, begin- 
in ng at the lowest, by the feet in the multiplier ; write 
each result under its respective term, obseryln^ to 
carry an unit for every 12, from eaoh lower denomina- 
tion to its next superior. 

3. In the same manner multiply every term in the 
multiplicand by the inches in the multiplier, and set 
the result of each t^rm one place removed to the right- . 
hand, of those in the multiplicand. 

4. Work in a similar manner with the parts in the 
multiplier, setting the result of each term removed 
two places to the right*hand of those in the multipli- 
cand. Proceed in like manner with the rest of the 
denominations^ and their sum will be the answer re- 
quired. 

Example 1. Let 7 feet 9 inches be multiplied by 3 
feet 6 inches. 

F. T. 
Multiplicand T •• 9 
Multiplier 3 .. 6 ^^ 

23 .. 3 Pt8. 
3 . . 10 «• 6 



Product 27 . . 1 . . 6 



First Multiply 9 inches by by 3, sayings 3 times 9 is 
sr inches, which make d feet 3 inches $ set down 3 
under inches, and carry 2 to the feet, saying, 3 times 
7- is 21 , and 2 that I carry make 23 ; set down 23 under 
tlie feet. 

Then begin with 6 inches, saying, 6 times 9 is 54 
parts which is 4 inches and 6 parts ; set down 6 parts^ 
and carry 4, saying, 6 thnes 7 is 42. and 4 that I carry 
is 46 inches, wiiich is 3 feet 1Q inches; which set 
4own, and add all up together, and the product is 
£7 feet 1 inch 6 parts. 

^ E2^ 
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Example 2. Let 7 feet 5 inches 9 parts be multipKed 
by 3 feet 5 inches 3 parts. 



F. I. 

Multiplicand 7 . , 5 
Multiplier 3 . . 5 


P. 

. . 9 
.• 3 


S. 
,9 
.5 . 


« 


22 . • 5 
3 .. 1 

1 


.. 3 
.. 4. 
. .10. 


T. 

..3 


Product 25 •. 8 


. • 6. 


.2 . 


.3 



In this example, I first begin with 3 feet, and there- 
by multiply 7 reet 5 inches and 9 parts ; First, I say, 
3 tiaigl 9 is 27 parts, that is 2 inches and 3 parts ; 
set down 3 under the parts, and carry 2, saying, 3 
times 5 is 15, and 2 I carry is 17, that is, 1 foots 
inches*; iset down 5 inches^ and cairy 1, and say, 3 
times 7 is 21, and 1,1 carry is 22 ; set down 22 feet : 
Then begin with 5 inches, saying, 5 times 9 is 45> 
which is 45 seconds, which makes 3 parts and 9 
seconds ; set down 9 Seconds a place towards the right- 
hand, and carry 3 parts, saying 5 times 5 is 25, and 
3 I carry is 28, which is 2 inches and 4 parts ; set 
down 4 parts and carry 2, saying 5 times 7 is 35, and 
2, I carry is S7, which is 3 feet 1 inch ; set down 3 
feet 1 inch ; and begin to multiply by 3 parts, say* 
ing, 3 times 9 is 27 thirds^ that is, 2 seconds and 3 
thirds^ set down 3 thirds, and carry 2, saying 3 times 5 
is 15, and 2, I carry is 17, that is* 1 part and 5 se^ 
conds ; set down 5 seconds, and carry 1, saying 3 times 
7is2U and I, I carry is 32, which is 1 inch and 10 
parts, which set down, and add alt up, and the pro- 
duct is 25 feet 8 inches 6 parts 2 seconds 3 thirds. 
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RtLE 11, 



When the feet in the MultipUcani are expressed by 

a large numberm 

Mirltiplj firtt bj the feet in the multiplier, as he- 
fore. Then 9 instead of multiplying by the inches and 
parts, &c. proceed as in the Rule of Practice^ by tak- 
ing such aliquot parts of the multiplicand as corres- 
pond with the inches and parts, &c. of the multiplier. 
Then the sum of them all will be the product required. 

Example S. Let 75 feet 7 inches be multiplied by 
9 feet 8 inches. 



In 

4 
4 



} 



3 

3 



F. L , 

75 . . 7 Multiplicand. 
9 . . 8 Multiplier. 





680 . . 3 
25 . . 2 .4 

25 . * 2 . . 4 


Pr 


t)duct 730 . . 7 ... 8 



Multiply by 9 feet first, as above directed ; then 
instead of multiplying by the 8 inches, let them be di- 
vided intt> aliquot parts of a foot as 4 and 4, because 
4 is the third part of 12. So if you take the third part 
of 75 feet 7 inches, and set it down twice, and 
add all together, the sum will be 730 feet 7 inches 8 
parts To take the third part, say, how often 3 in 7, 
which is twice ; set down 2 ; then because twice 3 is 
6, say, 6 out of 7, and there remains 1, for which you 
must add 10 to the , 5 and it makes 15 ; then the threes 
in 15 are 5 times ; set down 5 ; and, because three 
times 5 is 15, there is O remains. Then go to the 7 
inches^ sJELjing) the three in 7 are twice : set down 2; 
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in the inches \ and because twice 3 is 6, take 6 out of 7, 
and there remains 1 inch, which is 12 parts ; then threes 
in 12 are 4 times, and remains So the third part of 
75 feet 7 inches is 25 feet 2 inches 4 parts ; which set 
twice over} and add them together as in the example. 

Example 4. Let 37 feet 7 inches 5 parts be multipli- 
ed by 4 feet 8 inches 6 parts. 



I. p. 




p. 


I. 


P 


• 


4.. 07 
4..p$ 


1 


97 


.. 7 


.• 5 


Multiplicand. 


3 


4 


.. 8 


.. 6 


Multiplier. 




150 


• « « 


.. 8 


S. 


I. P. 




12 


.. 6 


.. 5 


.. 8 


0..6 


i 


12 


• • 6 . 


. 5 


..8 T. 






1 


• • 6 . 


• 9 


• • 8 • • 6 


Prod 


iuct 


177 , 


. . 1 . 


. 5 


.. .. 6 



In this example I first multiply by 4 feet as usual .«^ 
Then for the 8 inches I «ay 4 inches is the third of a 
foot) therefore i take the third part of 37 feet 7 inches 

5 parts, which is 12 feet 6 inches 5 parts 8 seconds^ and 
set it down twice. Then for 6 parts, I say, 6 parts 
are the eighth of 4 inches, because 12 parts ma&e 1 
inch ; hence it follows, that whatever be the value, or 
product, by 4 inches^ the value of 6 parts will be one- 
eij^hth thereof; therefore I take one-eighth of 12 feet 

6 inches 5 parts 8 seconds, and find it to be 1 foot 6 
inches 9 parts, 8 seconds, G thirds ; Svi that the sum of. 
the whole is 177 feet 1 inch 5 parts 6 thirds. 
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&ULK in. 

Whm the Feet 6oA t» the MuUipKcimd and MuUiflUr 

are large numhers. 

Multiplj the feet only into each other : Then, for 
the iBches and parts in the multiplier, take parts of the 
feet, inches, &c. of the multiplicand : And for the 
inches and jNtrts of the multiplicand, take parts of the 
feet onlyi^ the multiplier. The sum of all will be the 
product* 

ExAMTLB 5. Lk 75 feet 9 inches be multiplied bjr 
17 feet 7 inches. 
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Product 1331 .. U .. 8 

In this example, because there are more than 12 
feet in the multiplier^ I first multiply the 75 feet by 17 
feet. Then, ( say, 6 inches are the half of a foot, and 
take the tialf of 75 feet 9 inches, which is ^7 feet 10 
inches 6 parts | but I ought to take the paKs for 7 
inches, there^M« I say 1 inch is the sixth of 6 inches, 
and take the sixth part of 37 feet 10 inches 6 parts, 
which I find to be. 6 feet 3 inches parts. Then, be- 
cause there are 9 inches in the muUiplicandf I take 
parts with them out of the 17 feet in the multipli- 
er, saying, 6 inches are the half of a foot. I there- 
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fore take the half of 17 feet, which i% 8 feet 6 inches ; 
again* because I have 3 inches left, and whatever the 
product by 6 inches may be, that bj 3 inches must 
be the half thereof; I say 3 inches are the half, and 
take the half of 8 feet 6 inches, which is 4 feet 3 in- 
ches, the sum of these is 12 feet 9 inches, which I 
place under the former parts^ and the sum oi the 
whole is 1331 feet 11 inches 3 parts. 

Example 6. Let 311 feet 4 inches 7 parts' be muU 
tiplied by 36 feet 7 inches 5 parts* 
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In this example I first multiply the feet as in example 
5th. Then I say 6 inches are the half of a foot, 
and take the half of 311 feet 4 inches 7 parts, which 

1 find to be 155 feet 8 inches 3 parts 6- seconds ; then, 
as 1 inch is one-sixth of 6 inches, I therefore take one- 
sixth of 155 feet 8 inches 3 parts 6 seconds, which 
is 25 feet 1 1 inches 4 parts 7 seconds : Then, because ,4 
parts are one third of an inch, I take one third of 25 
feet 1 1 inches 4 parts 7 seconds, and find it to be 8 feet 
7 inches 9 parts 6 seconds 4 thirds ; and as I have one 
part left, I say 1 is the fourth of 4, and take the fourth 
of 8 feet 7 inches 9 -parts 6 seconds 4 thirds, which is 

2 feet 1 inch 1 1 parts 4 seconds 7 thirds.-— Then for 
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% 4he four inches in the mbitiplicandi 1 take a third part 
ofS6. the/<P€Hn the multiplier; because 4 inches are 
one-third of a foot ; and 6 |nrta are the eigjhth of 4 
inches, 1 therefore take the eighth of 1^ feet which is 
1 foot 6 inches ; then I have 1 part left* which is the 
sixth of 6 parts, so I take the sixth of 1 foot 6 inches 
which is S inches. The sum of these parts is 13 feet 
9 inches* vvhich I place under the former parts, and 
add them together, so that the whole is 11402 feet 2 
inches 4 parts 1 1 seconds 1 1 thirds. 
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r. Let 97 feet 8 inches be multiplied by 8 ket 9 
inches. JIns. 854 feet 7 inches. 

8. Let 87 feet 5 inches be multiplied bj S5 feet 8* 
inches. Jina. 31 17 feet 10 inches 4 parts. 

9. Let 259 feet 2 inches hCsmultiplied by 48 feet 11 
inches. ^ns* 1*2677 feet 6 inches 10 parts. 

10. Multiply 179 feet 3 inches by 38 feet 10 inches. 

^8. 6960 feet 10 inches 6 parts. 

11. Multiply 246 feet 7 inches by 46 feet 4 inches, 

•tffis. 1 1425 feet inches 4 parts. 

12. Multiply 246 feet 7 inches by 36 feet 9 inches. 

Jhtf. 9061 feet 1 1 inches 3 parts. 

13. Multiply 257 feet 9^ inches by d9jeet.ll inches. 

wfns. 10288 feet 6 incher 3 parts. 

14. Let 8 feet 4 inches 3 parts 5 seconds 6 thirds be 
multiplied by 3 feet 3 inches 7 parts 8 seconds 2 thirds. 

Jins, 27 feet 7 inches 3 parts 5 seconds 
1 third 8 fourths 8 fifths 1 1 sixths. 

15. Multiply 321 feet 7 inches 3 parts by 9 feet 3 
inches 6 parts. Jins. 2988 feet 2 inches 10 parts 

4 seconds 6 thirds. 

^16. Multiply 4!S feet 7 inches 8 parts by 7 feet 3 

inches 6 parts. Jins. 310 feet 10 inches 10 parts 

10 seconds* 



/ 
17. Multiply 124 feet 7 inches 9 parts by 14 feet 6 
inches S parts. 

Jns. 1809 feet 1 inch 1 part 9 seconds 6 thirds. 
18* Multiply £59 feet 10 inches 8 parts by 18 feet 5 
inches 4 parts. 

Ans, 4793 feet 6 inches parts 10 seconds 8 thirds. 

19. Multiply 267 feet 7 inches 10 parts by 25 feet 9 
inches 7 parts. 

Ans.^05 feet inches 5 parts seconds. 10 thirds. 

20. Multiply 317 feet 9 inches 7 parts by 37 feet 5 
inches 9 parts. 

Ans. 11910 feet 9 inches 1 1 parts 1 second 3 thirds. 



CHAPTER X. 
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Ejpplanation of the line of numbers on Guntmr's 
ScALBi and the construction and use of the Common 
Diagonal Scale, 



XhE line of numbers on the two feet Gunter's Scaley 
marked •^^umber^ is numbered from the left-hand of the 
Scale towards the right with the figures !« 3, 3. 4, 5, 6, 
7, 8| 9 ; I) which stands ezactiv in the middle of the 
Scale $ the numbers then go on 2, 3. 4. 5, 6, 7, 8, 9 ; 10, 
which stands at the right-hand end of the 8cale« 

These two equal parts ot the Scale are also equally 
divided^ th^ distance between the first, or left-hand 1^ 
and the first 'i^ 3, 4| &c. is exactly equal to the distance 
between the middle 1^ and the numbers % 3| 4| &;c. 
which follow it 
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The 9vbdivisioD8 of these two equal parts of the 
scale are likewise similar, viz. they are each one 
tenth of the primarj divisions, and are distinguished 
hj lines of about half the length of the primary di- 
visions. These subdivisions are again divided into 
ten parts, where room will admit, and where that is 
not the case, the units must be estimated, or guessed 
at by the eye, which is easily done by a little practice. 

The primary diviaions.on the second part of the 
scaie are estimated according to the value set upon 
the unit on the left-hand of the scale : Thus, if you 
call the unit on the left-hand of the scale 1, then the 
first 1, 3t 3, 4>, &c. stand for 1,2, 3, 4, &c tlie middle 
1 is 10; and the 2, 3» 4, &c, following, stand for 20, 
30, 40, &G. and the 10 at the right-hand is 10O.~If 
you call the unit on the left-hand of the scale 10, 
then the first 1} ^» 3, 4. (kc. stand for 10, 20» 30, 40, &c. 
the middle 1 will be 100; and the 3,3,4, &c* follow* 
ing will be iKX), 300, 400, &c. and the 10 at the risht* 
hand wiU be 1000»— If you call the unit on the left* 
hand of the scale, 100) then the first l, 2, 3, 4, &c. 
will stand for 100, 200, 300, 400, &c. the middle 1 will 
be ^QCO ; and the fL 3, 4, &c* folio wine, 2000, 3000, 
4000, &c. and the 10 at the right hancT end will be 
10000.— Lastly, if you consider the unit on the left 
hand of the scale as one*tenth of an unit, then the 
first 1, t, 3, 4, &c. will be -^^ ^j -^^ -fV* &c. the mid- 
dle I will stand for an unit, and the 2, 3, 4, Sfc. fol- 
lowing it will be 2, 3, 4, &c. and the 10 at the right- 
hand end of the scale will stand for 10. 

From the above description it will be easy to find 
the divisions representing any given number. Sup- 
pose 12 was required; take the division at the figure 
J, in the middle of the scale, for the first figure of 12 ; 
then for the second figure, count two of the longer 
strokes to the right-hand, and this last is the point 
representing 12, where there is a brass pin.-— If 34 
were required: Call the figure 3 on the right-hand 

P 
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half of the scale* SO* and count forward four of the 
longer divisions towards the right-hand ; if 340 were 
required, it must be found in the same manner. If 
the point of representing 345 were required, find 340 
as above, then the middle distance between the point 
of S40, and the point representing 350^ will be the point 
representing S45, 

Bj the line of numbers and a pair of compasses al* 
most all the problems in mensuration maj be readily- 
done, for they in general depend upon proportion.— 
And, as in natural numbers, the quotient ot the first 
term, of any abstract proportion, by the second, Is 
€qual to the quotient or the third term by the fourth ; 
so in logarithms (for the line of numbers is a loga- 
rlthmical line) the difference between the first and se- 
cond term, is equal to the difference between the third 
and fourth ^ consequentlyt on the line of numbers, the 
distance between the first and second term, will be 
equal te the distance between the third and fourth.— 
And for a similar reason because four proportionml 
quantities are alternately proportional, the distance 
between the first and third term will he equal to the 
distance between the second and fourth. Hence the 
following 

OENEBAL RULE. 

The extent of Che compasses from the first term to 
the second, will reach, in the same direction^ from the 
third to the fourth : Or, the Isxtent of the compasses, 
froni-the first term to the third, will reach in the same 
direction, from the second to the fourth. 

By the same direction must be understoody that if 
the second term lie on the right-hand of the first, the 
fouKh term will lie on the ri^t-hand of the third, and 
the contrary. Hence, 

I. To find the product nf two M\tmbers* 

As an unit is to the multiplier* so is the multiplicand 
to the product. 
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11. To divide atu iViimfrer bif another. 
As the divisoristathft dividend, so is an out to the 
quotient. 

III. To find a mean proportional ietwetn two Jfimhers. 
Because the distance betweea the lirBt and second 
term, is equal to the distance between the third and 
fourth ; therefnre, if you divide the space between the 
point representing the first term, and that re preset! t- 
ng the fourth, into two equal parts : 4he iniddle point 
must necessarilj give the mean proportional sought. 

IV. T» extract the Sqnare Root. 

The square root of* a quantity is nothini; more than 
K mean proportional between an unit and the given 
number to be extracted ,- the unit being the first term, 
tnd the number to be extracted the fourth ; therefore 
>t may be done by the preceding direction, ^ 

NoTB. These rules are all applied in the succeed* 
■Dg paj'ts of the book. 

Of the Diagonal Scale. 
The diagonal flcale, usually placed on the two feet 
Sunler's scale, is thus contracted. 



Draw eleven lines of equal ieugth and at equal dis- 
tances from each other, as in the above fie;ure ; divide 
the two outer lines, as AU, CK, into anv cunveni- 
ent Dumber of equal parts, according ti> the Iar^en>'s9 
you intend jour scale. Join these parts hy i*trais;ht 
lines, as AC, Bo, &c. first taking care that the cor- 
ners C, A, D, E, are all square. Again divide the 
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leogths AB, and Coy into lO^ equal parts, join these 
sarts bjr diagonal lines, vix. from the point A to the 
nrst division in Co, and from the first division in AB, 
to the second division in Co, &c. as in the figure, and 
number the several divisions* 

The chief use of such a scale as this, is to lay down 
any line from a given measure ; or to measure anj 
line, and thereby to compare it with others. If the 
large divisions in 6& be called units, the small divi- 
sions in Co will be lOths, and the divisions in the al- 
titude oB will be 100th parts of an unit. If the lai^e 
divisions be tens, the others wil^ be units, and tenth 
parts. If the large divisions be hundreds^ the others 
will be tens and units, &e. eact^ set of divisions being 
tenth parts of the former ones. 

For example, suppose it were required to take off 
344 from the scale s fix one foot of the compasses at 
3 of the larger divisions in oE, and extend the other 
to the ruimber 4 in Co ; then move both points of the 
oompassefr by a parallel motion, till yott come at the 
fourth long line, taking care to keep the right-hand 
point in the line marked 2 ; then open the compasses a 
small matter, till the left-hand foot reaches to the in* 
tersection of the two lines marked 4, 4, and jovt have 
the extent of the number required. In a similar maB-> 
ner any other number may be taken oC 



CHAPTER XI. 

Description and vise of the common Cjni^ENitER^s 

Mule. 

This rule is generally used in measuring of timber, 
and artificers works : and is not only useful in taking 
dimensions, but in casting up the contents of such 
work* 

It consists of two equal pieces of box, each one foot 
in length, connected together by a folding joint j in one 
of these equal pieces there is a slider^ and four lines 
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rihitkfed tit the Hftht-hand A^ B, C, D ; two of these 
lines B, C, are Qpon the slider, and the other two, A, 
D) upon the rale. Threfe of these hnes, viz. A, B^ C^ 
are called double lines, because they proceed from 1 to 
10 twice over ; these three lines are all exactly alike, 
both in numbers and division. They are numbered 
from the teft-hand towards the right 1, 2, 3) 4, 5, 6, 7, 
a, 9) 1 which stands in the middle : the numbers then 
goon, 2, 3, 4, 5i6, 7, 8, 9, I6 which stands at the 
rl^ht-hand end of the rule. These numbers have no 
determinate value of their owni but depend upon the 
value you set on the unit at the left-hand of this part 
of the rule; thus if you call it 1} the 1 in the middle 
will be 10, the other figures which follow will be 20, 
SO, &c. and the 10 at the nght*hand end will be 100. 
If you call fh6 first, or left-hand unit 10, the middle I 
will be too, and the following figures will be 200 300, 
400, &c. and the 10 at the right-hand end will b^> 1000. 
Or if you call the first, or left-hand unit, lOo. the 
middle 1 will be 1000, and the following figures 3000, 
3000, 4000, &c. and the 10 at the right-hand 10,000. 
Lastly, according as you alter, or number, the large di- 
visions, so you must alter the small divisions propor- 
tionably. 

The fourth line D, is a single line proceeding from ^ 
4 to 40 : it is also called the girt4ine, from its use in 
easting up the contents of trees and timber. Upon it 
are marked WG at 17.15, and -AG at 1895, the wine 
and ale guage points, to make it serve the purpose of ^ 
a gu aging-rule. 

The use of the double lines A- and B, is for work- - 
ing the rule of proportion, and finding the areas of 
plane figures. And the use of the girt4ine D, and : 
the other double line C, is for measuring of timber,— - 
On the other part of this side of the rule, there is a . 
table of the value of a load, or 50 cubic feet, of tim- 
ber, at all prices, from 6 pence to 34 pence, or twQ-» 

shiliiugS) per foot. 

F 2- 
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On the other side of the rule are several plane 
scales divided into I2rh parts, marked inch^ |> ^> ^^ 
&c. signifying, that the inch, | inch, &c« are each di- 
vided into 12 parts. These scales are useful for plan- 
ning dimensions that are taken in feet and inches. 
The edge of the ruler is divided into inches, and'each 
of these inches into eight parts» representing half in* 
ches, quarter inches, and half quarters- 

In this discription We have supposed the rule to be 
folded ; let it now be opened, and slide out the slider, 
jou will find the back part of it divided like the edge 
of the rule, so that altogether will measure 1 yard or 
3 feet in length. 

Some rules have other scales and tables upon them ; 
as a table of board measure, one of timber measut-e ; 
a line for shewing what length for any breadth will 
make a foot square ; also a line shewing what length 
for any thickness* will make a solid foot ; the former 
line serves to complete the table of board measure, and 
the latter the table of timber measure. 

The thickness of a rule is generally about a quar- 
ter of an inch ; this face is divided into inches, and 
tenths, and numbered, when the rule is opened, fronx 
the right-hand towards the left, 10, 20, SO, 40, ^c. 
towards 100, which falls upon the joint ; the other 
half is numbered in the same manner, and the same 
way* This scale serves for taking dimensions, in feet, 
tenths^ and hundredth3 of a foot, which is the most 
commodious way of taking dimensions, when the con- 
tents are cast up decimally. 

The use of the Sliding Rule. 

PROBLEM I. 

To multiply ^nimhers together ^ as 12 and 16. 

Set one on B, to the multiplier (1:2) on A; then 
against the multiplicand (16) on fi, stands the product 
(192) on A 
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2. Find the product of 35 and 19. 

Set 1 on Bf to the multiplicand (35; on A ; then be- 
cause 19 on B runs beyond the rule, i look for 1.9 on 
B» and against it oh A, I find 66 5 ^ but the real mul- 
tiplier was divided by 10, therefore the product 66.5 
roust be multiplied by 10, which is done by taking away 
the decimal pointy so the product is 665. 

PROBLEM II 

To divide one dumber by another^ as 360 btf 12. 

Set the divisor (12) on A, to 1 on B; then against 
the dividend (360) on A, stands the quotient (30) on B. 

2. Divide 7680 by 24. 

Set the divisor (24) on A, to 1 on B ; then because 
7680 is not contained on A, I look fot 768 on A, and 
against it I find 32 on B, the quotient ; but. because 
one-tenth of the dividend was taken to make it fall 
within the compass of the scale A, the quotient must 
be multiplied by 10, which gives 320. 

PROBLEM III. 

To Square any i^Tumber^ as 25. 

Set 1 upon C to 10 upon D — Then observe, that if 
you call the 10 upon D, 1, the 1 on C wilt be J ; if 
you call the 10 on D, 10, then the 1 on C wiU be 100; 
if vou call ihe iO on 1), 100, then the I on G will be 
1000, &c. This being well understood, vou will ob- 
serve that against every number on 1>, stands its square 
en C. 

Thus against 25 stands 625 

against 30 stands 900 

against 35 stands H25 

against 40 stands 1600 

Reckoning the lo on £^; to be 10. 
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PROBLEM IY4 

To extract the Square Root of a Camber, 

Fix the slider exactly as in the preceding problem, 
and estimate the value of the lines D and C in the 
same manner ; then against every number found on C 
stands its square root on D. 

PROBLEM V. 

To find a mean Proportional between two given JWm- 

berSf as 9 and 23. 

Set the one namber (9) on C, to the same (9) on D ; 
then against 25 on C^ stands 15 on D, the mean pro* 
portionai sought. 

For, 9 : 15 :: 15 : 25, 

2. What is the mean proportional between 29 and 
430? 

Set 29 on C, to 29 on D ; this being done, you will 
find that 450 on C will either fall beyoiid the scale D, 
or it will not be contained on C. Therefore take the 
iOOth part of it, and look for 4.S on C, and against it 
on D stands 11. 2, which multiply by 10, and 112 is the 
mean proportional required. 

FRCBLEM VI. 

To find a fourth Proportional to three Mimbers ; or^ - 
tp perform the Rule of Three. 

Suppose it were required to find a fourth propor- 
tional to 13, 28, and 57 —Set the first term (12) on B - 
to the second (28) on A ; then against the third term 
(57) on B stands the fourth (133) on A. 

If either of the middle numbers fall beyond the line, 
take one-tenth part of that number, and increase the 
answer 10 times. 

Note. The finding a third proportional between 
two numbers is exactly the same, for in such cases 
the second number is repeated to form the third : 
Thus the third proportivin to 12 and 28 is 65 33, and 
is thus found 13 : 26 :: 28 : 65 33. m«. set 12 on B, to 
SS on A ; then against %^ on B stands 05.3 on A. 
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PEIIKXTIONS. 



1. GROMETRY is a science which tsacbes and de* 
monstrates the properties, affectionSf and measures of 
all kinds of magBiludei or extension ; as solids, surfa- 
ees and lines. 

2. Geometry is divided into two parts^ theoretical 
and practical. * Theoretical geometry treats of, and con- 
siders, the Yarious properties of extension abstractedlj ; 
and practical geometry applies these considerations 
to the various purposes of lire. 

S. A solid is a figure, or body, of three 
dimensions} vix. length,, breadth and 
thickness. And its boundaries are su- 
perficies,, or surfaces. ' Thus A repra- ^ 
sents a solid. 
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4 A supeTjie%e§i or surface, is an extension of two 
dimensions, vt^;. length and breadth, with- 
out thickness : And its boundaries are 
lines. Thus B represents a surface 

5. A line is length without breadth, and is form- 
ed by the motion of a point. Thus " . i..!. 
CD represents a line- Hence the ex- C D 

tremities of lines are points, a» are likewise their inter- 
sections* 

d. Straight lines are such as cannot coincide in two 
points without coinciding altogether, and a straight 
fine is the shortest distance between two points. 

7. A point is position, without magnitude. 

8. A plain rectilineal angle is the 
inclination, or opening, of two right 
lines meeting in a point} as E. ^ 






5t Fracticid Geometry. 

9. One angle is said to be less than anothery when^ 
the lines which form it are nearer to 
each other, i'ake two lines AB and 
BC touching each other in the point 
B : Conceive these two lines to open^ 
like the legs of a pair of compasses, 
so as always to remain fixed to each 
other in B. — While the extremity A moves from the 
extremity C the greater is the opening or an^Ie ABC ^ 
and on the contrary^ the nearer you bring them together 
the less the opening or angle will be» 

10. ^ circle is a plane fissure contain- 
ed by one line called the circumference, 
which is every where eq[ually distant 
from a point within it, called the centre, 
as> C : And An arch of a circle is any 
part of its circumference, as GH. 

n. The magnitude of an angle does not consist ia 
the length of the lines which form if, but in their 
opening or inclination to each other. T»ius the anjgle 
ABC is less than the angle DBE, though the lines AB 
and CB, which form the former angle, are longer thaa 
the lines DB and BE, which form the latter. 

12. When an angle is expressed bj 
three letters, as ABC, the middle 
letter always stands at the angular 
point, and ^he other two letters at- 
the extremities of the lines which 
form the angle. Thus the angle 
ABC is formed by the lines ABand 
BC, that of DBE is formed by the 
lines DB and BE. 

13. Every angle is measured by an arch of a cir- 
cle, described abo-it the angular point as a centre : 
thus the arch DE is the measure of the angle DBe! 
and the arch GH is the measure of the angle ABC. 
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14.' TTic circumference of every circle is supposed 
to be divided into 360 equal parts, called degrees ; 
each degree into 60 equal parts, called minutes ; and 
each minute into 60 equal parts^ called seconds. 

Angles are measured by the number of degrees cut 
Dff from the circlet by the lines which form the angles. 
Thus, if the arch GH contain 20 degrees, or the 
eighteenth part of the circumference of the circle, 
the measure of the angle ABC is said to be 20 de- 
grees. 

15. When a right line EC stand- 
ing upon a right line AB, makes 
the adjacent angles ACE and BCE 
equal to each other ; each of these 
angles is said to be a right angle^ 
and the line EC is perpenaieuiar to / 
AB. The measure of a right angle / 
is therefore &0 degrees, or the quar- ^ 
ter of a circle. 

16. Jin acute angle is less than a right angle, as 
DCB or ECD. 

17. .in obtuse angkh greater than a right angle as 

Acn. 

18. A plane triangl€\% a space included by three 
straight lines, and contains thr«e angles. 

19. ./i right angUi triangle \% that which 
has one right angle in it, as ABC. The 
side AC, opposite t^e right angle, is called 
the hypothenuse, the side BC is called 
the perpendicular, and the line AB, on 
which . the triangle stands is called the, 
base. 

SO. An obtuse angled iriagigle has one 
obtuse angle- in it| as B. 






21. Ah acute angled triangle has all its /o >s. 
three angles acutei as C- * •> ■ ' ^ 
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9.2. An equilateral triangle is that wbieh yy 
has three equal sides, and three eqaal an* /j\ 
glesy as D« / \ 

£3. An isosceles triangle has two equal 
sides, and the third side either greater or 
jless, tiian each of the eqaal sides^ as fi. 

f^. A seatene iriatige has all its three 
•ides unequal, as F. 

35. A quadrilateral figure is a space included by 
four straight lines, and contains four angles* 

SB. A parallelogram is a plane 'figure bounded bj 
four right lines, whereof those which are -opposite are 
parallel one to the either: that is, if produced eyer so 
far would never m^et 

27. A square is an equilateral paralle- 
logram, vi»» having all its sides e^ual, and 
all its angles nght angles, as O. 
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S8. An oblong is a rectangled paralle- 
logram, whose length exceeds its breadth, | 7Z I 

as H. LJIJ ' 

29. A rhombus is a parallelogram 
having all its sides t;quaU but its 




angles are not right angles, as !• /I 

50. A rhomboides is a parallelogram ^ 

having its opposite sides' equal, but its J^ fc7 
length exceeds its breadth, and its an- / ■ ■ ■*■/ 
gles ar^ not right angles, as K. 

51. A trapezium is a plane figure 
contained under four rignt lines, no 
two of which are parallel to each oth- 
er, as L. A lioe connecting any two 
opposite angles of the trapezium, as 
AB, is called a diagonal* 
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33. Ji trapezoid is a plane quadrilaler* v*" "n 
al fiffiire, having two of ita opposite sides >^ ^f I 
parsilleli and the remaining two not pa''->^ \ 
allel ; as M. 

. 33. JUtdtilateral figures, or poljgonst have more 
than four sides, and receive particular names, accord* 
ing to the number of sides. Thus, a Fentagorif is a 
Polygon of five :.sides ; a Hexagon^ has six sides ; a 
HeptagoHf^ seven ; i^n Octagon^ eight a ^onagon^ 
nine ; a ifecagon, ten ; an UndecasoUf eleven ; and a 
Buodecagon has twelve jides* If all the sides and an- 
gles are equal, thej are called regular polygons ; if 
unequal, they are called irregular Polygons, or Fi- 
gures. 

34. Tke diameter of a circle is a right line drawn 
through the centre, and terminated by the circumfer- 
ence both ways ; thus AB is a diameter of the circle. 
The diameter divides the surface, 

and circumference, into two equal 
parts, each of which is called a 
semicircle. If a line CD be drawn 
from the centre C perpendicular to 
AB, to cut the circumference in D, 
it will divide the semicircle into two 
equal parts, AC D and DC B, each 
of which will be a quadrant^ or one^fourth of the cir- 
cle. The line CD, drawn from tbe centre to the cir* 
cumference, is called the radim* 

35. A sector of the circle is comprehended under two 
radiU or semidiameters, which are supposed not t 
make one continued line, and a part of the circum-o 
ference. Hence a sector may be 
either less or greater, than a semi- 
circle ; thus ACB is a sector less 
than a semicircle, and the re- 
maining part of the circle is a sec- 
tor greater than a semicircle. 

36. The chord of an arch is a 
right line less than the diame- 

G 
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ter joining the extremities of the arch ; thus DE is 
the chord of the arch UGE, or of the arch EBAI). 

37. Jl segment is any part of a circle boi^nded by an 
arch and its chord, and may be either greater or less 
than a semicircle. 

38. Concentric circles are those which 
have the same centre, and the space 
included between their circumferences | 
U called a ring, as D. 



39. Tf two pins be Bied at the points F, /, and a 
thread FPf be put round them and knotted at P; 
then if the point P and (he thread be mnved about 
the fixed centres F, /, so as 

to keep the thread always 
stretched, the point P will de- 
scribe the curve P.BDA(^P 
called an eHipsis, 

40. The points or. centres F, 
f, are called the Jufi, and 

their distance from C, or D, is equal to the half of AB. 

41. The line AB, drawn tbrouRh the foci to the 
€urve, is -called -the transverse axis, or diameter. :Tbe 
point O, in the middle of the axis AB, is tlic centre of 
the ellipsis- 

43. The line 01), drawn throufih the centre 0. per- 
pendicular to the tran^erse-diameler AB, is called the 
conjuiiate axis, or diameter. 

43. The line LB, drawn through the fucua F, per- 
pendicular to the transverse axis, is called the para' 
meter, or lotus rectum. 

44. A line drawn friMn any point of the curve, per- 
pendicular to the transverse axis, is called an ordinate 
to the transverse, as KG. If it go quite through the 
£gure, as EH* it is called adou6/e ordinate. 



1 
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45v The extremitj of any diameter is called the 
vertex ; thas the vertices of the transverse diameter 
AB| are the points A and fi, 

46. That part of the diameter between the vertex 
and the ordinate is called an abscissa; thus GB and 
AG, are obscisses to the ordinate GB* 

47. If one end of a thread 
equal in length to CD, be fixed 
at the point Pr and the other 
end fixed ^t D| the end of the 
square BCD ; and the side Cfi 
of the square be moved along 
the ricrht line AB, so as al wa vs 
to coincide therewith, the string 
being kept stretched and close 
to^ the side of the square PD^ 
the point P will describe a curve HROLPG, called a 
parabola. 

48. The fixed pojnt F is called the focas. 

49. The right line AB is called the directrix 

50. The line OX is the axis of the parabola, and 
is the vertex. 

51. Aline LR, drawn through the focus F, perpen- 
dicular to the axis, is called the parameter, or latus 
rectum. 

52. A rij^ht line IK, drawn from the curve perpen- 
dicular to the axis, or parallel to the directrix, is cal- 
led an ordinate ; if it go quite through the figure, as 
IM it IS called a double ordinate. 

53. The part of the axis, KG, between the vertex, O, 
and ordinate, IK., is called the abscissa. 

jyTote. The definitions of the solids are given in Part 
II. Chap. II. in the respective sections where each so- 
lid is considered. ' 
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PROBLEM I. 



To bUeetf or divide a f^iven right line AB, into two 

eqvud parts. 



From the points A and B with any 
radius, or opening of the compassesi 
greater than half AB, describe* two 
arches catting each dther in G and D ; 
draw CD, and it' will cut AB in the 
point E, making AE equal to EB. 





PROBLEM II. 

Jtt a given distance E| to draw a 
right line CD parallel to a given C 
right line AB. 

From any two points mn in the » 
line AB with the extent of B in g 
your compasses describe two arches o 
^;— draw CD to touch these archesy without cutting 
them, and it will be parallel as required. 



m 



.H 



PROBLEM III. 

Through a given point o, to draw a right line CD| pa^ 
ralLel to a given straight line AB. 

Take any point m at pleasure in c. 
the line AB; with m as a centre 

and distance m o, describe the arch j^ ^ 

on; with n as a centre and the ^ 
same distance describe the arch sm. 
Take the arch or in your compasses, and apply it 
from m to s / through o, s, drawn CD, and it will be par- 
allel as required. 




^ 



\ 
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PROBLEM Ur, 




To divide a given right line AB into any number of 

> . eqwU parts. 

From the endg A and B of the given line, draw two 
lines AP and BK of any -' 

length, parallel to each 
other. Then set aiyr num- 
ber of eoual parts from A 
towards r, and lilcewise from 
B towards K ; draw Hoes be- 
tween the corresponding 
points HM, GL, Fl, &c- and they will divide AB into^ 
the equal parts AC, CD, DE, EB. 

PBOBLKM V« 

To divide a given righl line AE into two such, parts j. 
as shall be to each other ^ as mr, to rn*. 

From A draw any line AC, ^ 

equal' to win, and upon it ^r- -— » 

transfer the divisions of the 
line ittw, viz. mr and m» 
Join BC, and parallel to it 
draw DE; then will AE: 
£B :: mr : m. 




PROBLEM VI. 

3b find a third Proportional to two given lines AB« AK 



Place the two given lines' B A:* 
and AB so ' as to make an angte A 
with each other at A ; in AB 
the greater, cut off a part AC. 
equal to AD the less given Tine : -^ 
joAO BD, and draw CE paratlel 
to it, then will AE be the third proportional required^^ 
19^ AB: AD:;AD: AE. 

6a. 
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PEOBLEM Til. 



To find a fourth Proportional to three given lints* 

AB, AC, AD. 



Place two of the given lines AB A. 
and AC so as to make an angle with ^ 
each other at A, and join BC. On "^ 
AB, set off the distance AD, and 
draw DE parallel to BC ; then AE 
is the fourth proportional reqired, 
viz. AB : AD :: AC : AE. 



^ 




.-^^ 



PROBLEM VIII. 

From a given point P in a right line AB to erect a Per- 
pendicular. 

1. Wlien the point is iti, or nearf the middle of the line. 

On opposite sides of the point P / / ' '^ 
take two equal distances Pm, Fn/rU 
from the points m and n as centres, 
with any opening of the compass- /^ ^ '[^ ;. 
es greater than Pm, describe two ar- 
ches cutting each other in r ; through A ■ ., ,-i ^ 
r, draw CP, and it will be the per- 
pendicular required. 

2. When the point Pis at the end of the line* 

With the centre P and any ra- 
dios describe the arch m n o / set 
off Pm, from m to n, and from n 
with the same radius describe an 
arch r : through m and n draw 
the line m n r to cut the arch in 
r ; then through r and P draw 
CPand it will be the perpendicu- 
lar required. 



V 
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OB racs : 

Set one foot of the compasses 
in P and extend the other to any 
point n, out of the line AB; 
from n as a centre and dis- 
tance nP, describe a circle cat* 
tinv AB in m / through m and 
n, draw m n o to cut the circle 
in o, then through o draw CP) 
which will be perpendicular to 
AB. 



% 




PROBLEM IX. 

■ 

From a given point C to let fall a Perpendicular upon a 

given line AB. 

h When the point is nearly opposite the middle of the 

line. 



From the centre C describe an 
arich to cut AB in m and n / with 
the centres m and n, and the same ri- 
diusy describe arches intersecting an ^ 
o; through C and o draw CP, the 
perpendicular required. 




.^ 



2. When the point is nearly opposite the end of the line* 



^ From the fi;iTen point p draw any 
line Cm meeting AB in the 
m ; besect mC in n^ and with 
a centre and radius n m, or 
scribe an arch cutting AB in o^ 
draw Co, and it "trill be fie perpendicular. required< 



raw any 9 

ith n as X I 

' «9 de-A /: Vm 

I in #« — --^ 
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'•IP'.*' 

In any Triangle ABC to draw a 
Fh'pBndicular from any Ang^e to 
its offfosite side* 

Bisect either of thie sides can* 
tainingr the angle from which the 
perpendicular is. to be drawn, as 
BC in m ; with' fhe>adius m B and 
centre m describe an arch cutting 
AB (produced if necessary) in D9 
draw CD, and it will be the per- 
pendicular required. 

PROBLEM^ XI.' 



Upon a given right line AB to describe an Equitdterat 

Triangle. 



With B . as a centre and^ radius equal 
to AB describe an arch ; with A as a 
centre and distance^ AB, cross it in C $ 
draw AC and BC, then will ABC be 
the equilateral tciangle required.^^ 



F^LOBLEM XIU 

m 
To make a Triangle with three ^iven lines AB,.AC> 
and BC, of which anytwotakett, together are greater 
than the third,. 




With A as a centre and radaus 
AC, describe an arch, with the 
centre B and distance BC cross 
it in C^ draw AC, and BC, then 
ABC is the triangle required. 



A 

A: 
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PROBLEM XIII. 



2 WO sides AB and BC of a right 
angkd Triangle are given^ tQ 
find the Hyp^henuse^ 

From iht point B in AB draw 
BC perpendicular and equal to 
BC : join AC^ and it will be the 
bypothenase required. 




£ 




PROBLSM XIY. " 

r 

The Bvpothenuse AC| and one side AB^ of a ri^t an- 
ghi Triangle are given^ to find tht t4her side. 

Bisect AC in m^ with m as a 
centre and distance m A desicribe 
an arch, 'with A as a centre, and 
4btadce AB cross it in B $ join 
BC ; then ABC is a right angled 
triaiigley and BC the required side* 

PROBLEM XV. 

To find a mean Proportional between two given lines 

AB and BC. 

Join AB and BC in one straight ^ ^ 

line viz. make AC equal to the sum 
of them, and bisect it in the point o. 
With the centre o and radius o A 
describe a semicircle ; at B erect 
the perpendicular BD, and it will be 
the mean proportional required, viz* 

AB : BD::BD :BC. 
Note. If AD and DC be joined, AD will be a mean 
proportional between AB and AC, also CD will be a 
mean proportional between BC and AC, viz. 

AB: AD:: AD: AC 
and BC .CD ::CD :AC. 
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PROBLEM XVI. 

To hUect, or divide a given Atigle into two equal parts. 

From the centre C with any radttis 
describe an arch mn, from m and n 
as centres with the 9ame radius de- 
scribe two arches crossing each 
other in o, draw' Co, and it will di- 
vide the given angle ACB into the 
two equal angles ACo and BCo. 





PROBLEM XVII. 

•At a given point A, in a given line AB to make an 
•ingle equal to a given Angle C. 

With the centre C and an j radius . 
describe an arch m.n ; with the centie •* 
A arid the same radius describe the 
arch os<^ Take the distance m n in 
your compasses, and apply it from s to 
o ; then a line drawn ironi A through 
o will make the angle A equal to the 
angle C« 

VROBLEM XVIII. 

To make an Jtngle oftmy proposed number of degrees 
upon a given right liney by the Scale of Chords* 

Upon the line AB to make an 
angle of 30 d eg;. (Fig. 1.) take 
the extent of 60 degrees from 
the line of chords with which 
and the centre A describe the 
arch om. Take 30 degrees from 
the same scale of chords, and 
set them off from o to n ; tlirough 
n draw An, then rAB is the an- 
gle requiied* 
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To make an angle of (50 degreesi produce the line 
BA to m, with the centre A* and the chord of 60 de- 
grees $ describe a semicircle ; take the given obtuse 
angle from 180 degrees, and setoff the remainder, viz. 
30 degrees from m to n; through ti draw An^thenn 
Afi is the angle required. 

PHOErEM XIX* 

\ 

Jn Jingle being given to find how many degrees it con* 
tainsj by a Scale of Chords. 

With the chord of 60 degrees in your compasses and 
aentre A (Fig. 1.) describe the arch o n, cutting the 
4wo lines which contain the angle in o and n-; take 
the distance on in jour compasses, and setting one 
foot at the bee;inning of the chords on your scale, ob- 
serve how many dej^rees the other foot reaches to, and 
that will be the number of degrees contained in the 
archo n,>or an^e nAB. 

If the extent o n reach beyond the scale, which will 
always he the case when the angle is obtuse, produce 
, the line BA from A towards m, and measure the arch 
m n in the same manner, the decrees it contains^ de- 
ducted from 180 degree?} will give the measure of the 
angle nAB. 

PROBLEM XX« 

Upon a given right line AB, to describe a Square* 

With A as a centre and distance 
AB describe the ar«h EB, with B 
as a centre and the same extent 
describe the arch AC cutting the 
former in o^ make o E equal to 
B o, and draw B£I, make oC and 
oD each equal to AF, or Fo, and 
Join the points AD, DC, and CB, then will aBCD be 
the square required. 




9 
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Draw BC perpendiculari and 
equal to AB; with the extent AB 
and one foot hi A describe an arch ; 
with the same extent and one foot 
in G cross it in D^ join AD and 
DC, then ABCD is the square re- 
quired. 




PROBLEM XXIt 



To make an Ohlang or Bectangled Paralklogram cf a 
given length BA, and breadth BC. 



Place BC perpendicular to AB ; 
with the centre A and distance BC 
describe an arch, with the centre C 
and distance AB cross-it in D; join 
AD and DC, then ABCD is the ob- 
long required. 




« — ^ 



PROBLEM XXIZ. 



Upon a given right line AB to des^ 
cribe a Bhomm^ having an angle 
to the given angle At 



Upon AB make the angle DAB 
equal to the given angle A ; also 
make AD equal to AB. Then 
with D and B as centres and radfius 
AB, detcrtbe arches crossing each 
other in C ; joiM DC and Bu, then 
A9CD is the rhombus required. 
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PROBLEM XXXII. 

To find th$ centre of a given Circle. 

Take anj three points^ A, C, B, 
in the circamference of the circle, 
and join AC and BC. Bisect AC 
and BC with the lines no, and mOf 
^eeting each other in the point o. 
Then o is the centre required. 



Note. Bj this problem it will be easj to describe 
a cirde through any three given points that are not in 
the same straight line : Or, to describe a circle about 
a given triangle. Also, if any arch of a cirtle be given, 
the whole circle may be readily described. 

PROBLEM XXIV. 

To draw a right line equal to any given arch of a 

Circkj AB. 

Divide the chord AB into four 
equal parts ; set one part AC on the 
arch from B to D : draw CD, and it 
will be nearly equal to half the leneth of the arch 
ADB. 

OR THUS : 

Through the point A, and o 
the centre of the circle draw Am; 
divide o n into four equal parts, and 
set off* three of them from m to n. 
Draw AC perpendicular to A m, 
then through m and B draw m C ; 
then will AC be equal to the length 
of the arch AB very nearly. 





H 
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PROBLEM XXV. 

To make a sqimre equal in Area to a given circle. 



Divide the diameter AB into 
fourteen equal parts, and make 
AG equal to eleven of these 
parts ; erect the perpendicular 
OC, and join AC ; then the 
square ABDC^ formed upon 
AC, is equal to the whole cir- 
cle whose diameter is AB) eX" 
ceedingly near the truth. 



PROBLEM XXVI. 

In a given circle to describe a Square. 

Draw anj two diameters AB and CD ^ 
perpendicular to each other, then con- 
nect their /extremities, and that will 
give the inscribed square ADBC. 



Note. If a side of the square, as DB, be bisected 
in m, and a line o m n be drawn from the* centre of the 
circle to cut the circumference : then if the line Bn be 
drawn, it will be the side of an octagon inscribed in 
the circle* 

PROBLEM XXVZI* 

.To make a regular Polygon on Mgiven line AB. 

Divide 360 degrees by the num- 
ber of sides contained in jour poly- 
gon, subtract the quotient from 
]80 degrees, and the remainder 
will be the number of degrees in 
each an^le of the polygon. From 
each end of AB draw lines AO^ 
BO, making angles with the given 
line equal to half the angle of the 
polygon : then with the centre O and radius OA describe 
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a circle to the circomference of which apply contiDuall j 
the gi?en side AB* 



OR THUS s 



Take the given line AB from any scale of equal 
parts ^ multiply the side of your polygon hy. the number 
in the third column of the rollowing table, answering to 
the given number of sides, and the product will give yoii 
the length of AG or OB, with which proceed as above. 



Xo,of J\''ameofthe 
Sides Polygon. 


Rod. of the circum- | w9n. OAB,or| 
scribing circle. 1 OBA. | 


3 

4 
5 

t 

8 

9 

10 

11 

12 


Trigon 

Tetragon, 

Pentagon, 

Hexagon, 

Heptagon,, 

Octagon, 

Nocagon, 

Decagon, 

Undecagon, 

Duodecagon, 


.j773j03 

.7071068 

.8506508 
1. Side— Radius. 
1.1523825 
S. 3065630 
1.4619023 
1.6186340 
1.7747339 
1.9318516 


ao 

45 

54 b 

67* ? 
70 

73/, 
75 



PROBLEM XXVIII. 

Tn a ffiven circle to inscribe any regular Polygon ; or to 
divide the circumference of a given circle into any 
number of equal parts* 

Divide the diameter AB into 
as many equal parts as th? fig- 
ure has sides ; from the centre 
o draw the perpendicular om di- 
vide the radius on into four 
qual parts and set off three of 
these parts from n to m, from m, 
through the second division &*, 
of the diameter AB draw mC ; 
join AC, and it will be the side 
of the polygon required. 
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PROBLEM XXIY* 

Qfiven the two diameters of an Ovad,a figure resembling 
the conic section called an Elipsis^ to describe it* 

Bisect the longer diameter AB 
in the point C by the line m n, 
bisect the shorter diameter HI 
in K, set off HK or IKl from C 
towards m and n: then from A 
set off Ao equal to HI, divide 
the remaining; part oB into three 
equal parts, and set off two of 
them from o to S ; with S as acen* 
tre, and radius SS, cross the line 
w n, in m and n, through S draw m SE, m SD, nSG, and 
wSF, of an indefinite length.— With the radius AS and 
centre S describe the arches EAG and FBD ; also with n 
as a centre and radius wG describe the arch GF, passing, 
through the extremity of the shorter diameter, and meet- 
ing BF in the point F ; in a similar manner, with m as 
a centre, and radius tnE or mD^ describe the arch ED, 
which will complete the oval required. 

Note. There are various methods of constructing an 
elipsis, and oval ; the former may be accurately con- 
struct by the 39th and 40th definition, and the latter by 
the above method. It may be proper here to inform the 
student, unacquainted with this subject, that it is impos- 
sible to describe an elipsis truly with a pair of compass- 
es; for an elipsis has no part of the curve of a circle in 
its composition, an elliptical curve, beinij; described on 
two points (see definition 39,) is continually varying. 
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GUven the Mscissa vm, and ordinate Sm, of a forcMa^ 

to construct iU 



Bisect the given ordinate Sm 
in B ; join Bt? and draw BD 
perpendicular to it, meeting the 
absciMa produced in D. 

Make ov and vC, each eq«al 
to Dm,. then will o be the /ocus 
of the parabola. 

Take any number of points, 
m^m, &c. in the abscissa, throueh 
which draw the double ordi- 
nates SmS, &c« of an indefinite 
length* With the radii oC, mC, &c. and centre o, de- 
•cnbe arches cutting the corresponding ordi nates in 
the points 8, S, &c* and the curve SvS, drawn through 
aU^nt points will be the parabola required. 




j<* t •• •» 
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COMPLETE MEASURES 



PART II. 



CHAPTER I. 

MeVSURATIOV of SUFMSFJCIMS, 

XHE areay or superficies, of any plane figui^ >& ^^ 
liniated by the number of squares containea in its sur- 
face ; the side of those squares being either an incb^ 
a foot, a yard, a link, a chain, &c« And hence the 
area is said to be so many square inches, square feet» 
square yards, square links or square chains, &c. Our 
common measures of length are given in the first table 
below, and the second table of square measure ia taken 
from it, by squaring the several numbers. 



I. 

Lineal Measure* 



1£ Inches 1 

3 ' Feet 1 

6 Feet 1 

l^ Feet 
5| Yards 

40 Poles 1 

8 Furlongs 1 



{' 



Foot 

Yard 

Fathom 

Pole or 

Rod 

Furlong 

Mile 



11. 

Sgiiare Measure* 



144 inches 

9 Feet 

36 Feet 

Q7^ Feet > 

SOi Yards J 

1600 Poles 



1 Foot 
1 Yard 
1 Fathom 
1 Pole or 

Rod 
1 Furlong 



64 Furlongs 1 Mile 



Land is measured by a chain, called Gunter^s chaifit 

of 4 poles, or 22 yards in length, and consists of 100 

i^qual links, each link being -^ of a yard in length^ 

r7»92inchea. Ten square chains^ or ten chains in 
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length &nd one in breadth, make an acre ; or 4B40 
squire jr^rds, 160 square poles, or 100,000 squ&re 
links each being the same in quantitf. Forty perches, 
or aqvare poiea, make & rood, and * roods make an 
acre. 

The lensth of lines measured with a chain, are ge- 
nerai/y set down in links, as whole numbers : every chain 
being 100 links, in length. Therefore after the ditnen- 
sions are squared, or the superficies is found, it will be 
in square links ; when this is the case, it will be necessa- 
ry to cut off five of the figures on the right hand for 
decimals, and the rest will be acres. These decimals 
mast be then multiplied by four for roods, and the deci- 
ntals of these again, after five figures are cut off, by 4Q 
Cm- pnches. 



- § I. Tojlnd the Arba of a 8iiuamk, 

^ HULE. 

Multiply the side by itself, and the product will be 
the area. 

Example t. Let ABCD be a square given, ieach side 
being 14. Required the area, or superficial content. 



C 

14x14 » 196, thearea of the square ABCIX 



80 Mensuration of StiperfieieB. 

By Scale and Compasses, 

Extend the compasses from ly in the line of nura^- 
bersy to 14 ; the same extent will reach from the same 
point, turned forward, to 196. Or, extend from 10 to 
14, that extent wtii reach to 19«6y. which multiply 
bj 10. 

Demonstration; Let each side* of the given square 
be divided into 14 equal partsy and lines drawn from 
one another crossing each other within the square ; so 
shall the whole great square be divided into 196 little 
squares, as juu may see in the figurei equal to the 
number of square feet, yards, polesy or other measure 
by which the side was measured. 

2. What is the area of a square whose side is 35.25 
ehains ? •Ans. 124 acres 1 rood 1 perch. 

3. Required the area of a square whose sioe is 5 > 
feet 9 inches. •^ns, 33 feet inches 9 parts. 

4. What is the area of a square whose side is 3725-^ 
links } ^nsASS acres 3 roods 1 perch. 



§ IL Examples of an Oblong^ or reetangled Pjisai* 

LELOGRAM, 



To find the area of a parallelogram ; whether it be* 
a square^ a rectangle, a rhombus, or a rbomboidk 

RULE- 

Multiply the length by the breadth, or perpenLdicnlar 
heightt and the product will be the area> 



Mmsuntion of SuperfieUt. 



Example I. Let ABCD be an oblong, thelenethof 
it 18 r«et, and the breadths feet;, these multiply to- 
gether, the product ii 162, the laperflcial conteot. 

By Scale antf Compasses. 

Extend the compaues id the line of numbers froin 
18 to 162, the square feet. Or, call tlie middle unit oa 
the Bcaie 10, and extend from it to 9, that extent will 
reach from 18 to 16.2, which multiply by to. 

Deuonstratiuit. If the (idea AB and CD be each 
divided into 18 equal parts, representing 18 feet; and 
the lines AU anif BC each divideH intu 9 equal partR> 
and liot^dr^wnfrom point to point, crossing each other 
within the figure ; those lines will make thereby so mv 
ny little aquares as there are square feet, vix. 102- 

3. What ia the superlicifll content of a rectangular 
board, whose length is 14 feet G inches, and breadth 4 
feet E) inches. 

Jns. 68 feet 10 inches 6 patts. 

3. Required the area of a rectangular ptFce of ground, 
whose length is 1375 links, and breadth 950. 

Jns. 13 acres roods 10 perches. 

4. What Is the superficial content of an ob'ung which 
18 S feet 10 inches 6 parts long, and 9 inches broad P 

^as. 2 feet 1 inch 10 parts d seconds. 
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fin. Examples of a Rhombus. 




^ Example i. Let ABCD be a rhombus given, wbose 
sideg are each 15.5 feet, and the perpendicular EA is 
IS.iS; these muKrplied together, the product is 
208.010 ; which is the superficial content of the rhom- 
buS) that is, 308 feet and one hundredth part of a foot. 

By Stale and Compasses. 

Extend the * compasses from 1 to 15.42, that extent 
win reach from 15.5 the same way to 208^ feet, the con- 
tent. V Or, call the middle 1 upon the scale 10 and ex- 
tend from it to 1^.43, thac extent will reach from 15.5 
to 20.8, which multiply by 10, 

Demonstratjeon. i>et CD be extended out to F, 
making DF equal to CE, and draw the line BF ; so 
shall the trians:ie DBF be equal to the triangle ACE : 
^or DF and CE are equal, and BF is equal to AE, 
because AB and CF are parallel. Therefore the par- 
allelogram ABEF is equal to the rhombus ABCD. 

2. What is the area of a rhombus, whose length is^ 
6.2 chains and perpendicular height 5.45 chains? 

•SnS' 3. acres 1 rood 20.64 perches. 

3. The length of a rhombus is 12 feet 6 inches^ and 
perpendicular height 9 feet 7 inches, what is the area ^ 

Jlns^ U9 feet 9 inches 6 parts. 

4. The length of a rhombus is 7t5 links, and per- 
pendicular height 635 links, what Is the area \ 

dns. 4 aores 2 roods 16.6 perches. 
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J IV. Examples of a*BaaiMB0JOBSM 



I 



I 




Example 1. Let ABCD be a rhomboides giren, 
iKrhose longest gide AB or CD, is 19.5 feet, and the 
perpendicular AB is 10.2 ; these multiplied together, 
^he product is IdS.Q, that is 198 superficial feet and 9 
tenth 'parts, the content. 

Demonstbation. If DC be extended to F, making 
CF equal to DB, and a line drawn from B to F ; so 
will the triangle CBF he equal to the triangle ADB, 
and the parallelogram ABFB be equal to the rhomboides 
ABCD ; which was to be proved. 

2. A piece of ground, in the form of a rhomboideSf 
measures 4784 links in length, and its perpendicular 
breaitbJs 1908 links, what is its area? 

•Sns. 91 acres 1 rood 4.5952 perches. 

3. Required the area of a rhomboides, whose len8;th 
is 12 feet 6 inchesi and perpendicular breadth 5 feet 
6 inches. Aim. 68 feet 9 inches. 

4. How many sauare jrards of painting are in a 
rfaombotdes^ whose length is 27 feet and breadth 5 feet 
% inches? Am. &l-h yards. 
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§ y« To Jind the Area of a Tsiangls when the 
base and perpendicular are given. 



a'uijB. 



Maltiply the base by the perpendicular, and half the 
product will be the area* 



EXAMPLES. 



Fig. h 




I. Let ABC be a 

right angled triangle, 
whose base is 14. 1 feet, 
and the perpendicular 
12 feet. Multiplj 14.1 
bj 6, half the perpendi- 
cular, and the product 
is 84.6 feet, the area. 
Or multiply 14.1 bj 12, 
the proauct is 169.2$ 
the half of which is 
84.^, the same as before. 

By Scale and Compasses. 

Extend the compasses from I to 14.1 ; that extent 
will reach the same way from 6 to 84.6 f^et, the con« 
tent. Or, call the middle 1 on the scale lO^ extend 
from it to 14.1, that extent will reach from $ to 8.46, 
which multiply by 10. 

Note. The per- 
pendicular in the 
ngure ought 4o be 
7.8. 




2. Let ABC f'IHg. %) be an oblique-angled trian- 
gle given, whose base is 15.4, and the perpendi- 
cular 7.8 ; if 15.4 be multiplied by 3.9 (half the 
perpendicular,) the product will be 60.06 for the 
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trea, or superficial content : Or, if the perpendicular 
7.8 be multiplied into half the base T.?, the. product 
will bef0.06 as before : Or, if 15.4, the base, oe muU 
tiplied by the whde perpendicular 7.8, the product 
will be 1120.12, which is the double area; the half 
whereof is 60.06 feet as before. 



Jhf BeaU ond Compasses. 

£itend ihe eompftsses from ft td 15.4, tiiat extent 
will reach from 7.8 to 60 feet, the content. Or, extend 
from 20 to 15.4, that extent will reach from 7.8 to 6, 
which multiply by la Here the middle 1 on the 
scale is considered as 10. 

UxHoirsTXATiov; If AD {Fig. 1.) he drawn parallel 
to BC, and DC parallel to AE; ithe triangle ADC 
shall be equal to trie given triangle ABC.~ Hence the 
parallelogram ABCD is double ot the given triangle ; 
therefore half the area of the parallelogram is the area 
of the triangle. In Fig. S. the narallelogram ABEF 
is also double of the triangle ABC $ for the triangle 
ACF is equal to the triangle ACD, and the triangle 
BCE is equal to the trianele BCD ; therefore the area 
of the parallelogram is double the area of the given 
triangl^ : Which was to be proved. 

. 3. The base of a trlniigle is 23^2 yards, and the per- 
pendicular height 18.4yards, what ts^the area ? 

Jins. 259.44 square yards. 

4. There is a triangular field whose base measures 
1256 links, and perpendicular 731 links $ how many 
acres does it contain ? 

Jins, 4 acres 2 roods 3.8138 perches. 

5. What is the area of a triangle whose base is 1 8 
feet 4 inches, and perpendicular height 11 feet 10 
inphes ? Ms, 108 feet 5 inches 8 parts. 

I 
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Tojlni Ae arem of any plane TViangk by having^ 
threo dde$ gipen^ wMout the help of a Ferpend^ 
eular. 



ViVLM. 

Add tlie three sides together ^ and take half that 
sum $ from which subtract each side seTerall j ; then 
niultiplj the half sttin and three differences continualtj, 
and out of the last -product extract the square, root; 
which will he the area of the triangle sought 



EXAMPLBS. 

I. Let ABC be a triangle^ whose three sides are as 
follows ; vix. AB 43.3^ AC 20.5^ and BC SIS, the area 
is required* 




4&d 



r43.3 I 4.«') 

Sides '{ Sl.t I 16.3 ^Differences* 
l«o.5 I 3;,oJ 

Sum 95.0 

Half 47.5 



9 « 
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Area 296.31 47.5 The half ram. 

27 Diflbrence. 

3S25 
950 



1982.S Prod«ct 
16.3 Difference. 

S8475 
76950 
12825 

j90dO4.75 Product. 
4.2 Difference. 



ita«^ 



41 80950 
8361900 

W— »«i' III I 

87799.950 Last product. 

the square root of which is 296.31 (remainder 3339) 
the area requrired. 

I 

2. What is the area of a triangle whose sides are 
50, 4a, and 30 ? -^w*. 600. . 

3. The sides of -a triangular garden are 41, 29 and 

56 yards, what is the area thereof ? 

./Ins. 574 34 jards. 

4. How many acres are contained in a triangle whose 
tbree sides are 4909, 5025 and 3569 links. 

Ans. 61 acres I rood 39 68 perches. 

5. A field of a triangular form, whose sides are 380, 
42t> and 765 yards, rents for 55 shillings per acre; what 
is the annual rent P 

Jlns. The area is 4^699.0347 yards, or 9.235337 acres^ 
which at 55 shillings per acre amounts to /.25 : 7 : 1 1^, 
28» the annual rent 
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DEMOifSTRATioN OP TfiB RVLE— >In the trUngle 
BDC, I say, if from the half sum of the sides you 
subtract each particuia, 
side and Dialtiplj the 
half sum and the three 
differences together con- 
tinually^ the square root 
of the product shall be 
the area of the triangle. 

First, by the lines BI, 
Ci) and 1)1, bisect the 
three ang!c.«, which lines 
will all meet in the point 
I ; by which lin^s the 
^iven triangle is divided 
into three new triangles 
CBf, DCI, and BDl; the perpendiculars of which 
new triangles are the lines AI, Ef, and 01, being all 
eoual to one another, because the point I is the centre 
of the inscribed circle {Euclid, Lib, IV. fVoA. 4.) : 
Whererfore to the side BC join CF equal to DE, or 
DO ; so shall BF be equal to half the sum of the sides ; 
Vixzili BC + i BD + i CD. 

And B A=::BF— CD ; for CArrCO and 00= CF ; 
therefore CD=AF; and ACzzBF—BO, for BE=: 
BA, and EDzzCF 5 therefore BDzzBA+CF, and 
CF=BF^Ba 

Make FH perpendicular to P1^, and produce BI to 
meet it in U. Draw CH and HK perpendicular to CD. 
because the angles FCK+GHK are equal to two 
right angles (for the angles F and K are-right angles) 
equal also to FCKx ACQ {by Euclid, L 13.} and the 
angles ACOxAIO are equal to two right angles ; 
therefore the quadrangles FCKH and AIOC are simi- 
lar ; and the triangles CIH and AIC are also similar.^i^ 
And the triangles BAI and BFH are likewise similar* 

From this explanation, I say, the square o f the area 

of the given triangle ; that iS| BF^x(A^::::Rr 
xBAxCAxCF. In words: 
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The square of BP the half sum of the sides maU 
ttplied into the sqaare of I A (=1 E=I O) will be 
equal to the said half sam multiplied into ail the three 
differences. 

For lA : BA :: FH : BF; and lA : CF : : AC : 
FH ; because the triangles are similar. By Euclid^ 
Lib. VI. Prop. 4. 

Wherefore mnltipl ying the extremes and means 

\n both, it will be lA«+BPxFH=BAxCAxCF+ 
FH ; but FH being on both sides of the equation) it 
maj be r^ected ; and th en multiply each part bj BP, 

it will be SF*xIa»"=BFx8axCAxCF. Which 
was to be demonstrated. 

If tfii9 two »ide$ of a rtghi ttngUd Triangle be given^ 
the third side may be found by the foUowing 

L To the square of the base add the square of the 
perpendicular, the square root of the sum will give 
the hypothenuse, or longest side $ or fVom the square 
of the hypothenuse take the square of either side, and 
the square root of the remainder, will be the other side. 

Example 1. Given the base AB (see /^^. 1 § V.) 
14 1, the perpendicular BC 12, what is the length of > 
the hypothenuse AC ? 




14.1 the base AB^ 13 the perpend. BG 

141 u 

144 square of BC. 



198 81 square of kH, 

144. square of BC. ^ 

342.81 Sum of the squares, th.e square root of which 
extracted gives AC 18.5 151^. 

12 



90 Mensuration of SuperAeies. 

2. Given the base 20, and the bypotbenaae 25 ; to 
find the perpendicular. 

From the square of 25:^625 
Take the aquare of I5ii:325 

And the square root of 400 
wUl be the perpendicularrr20« 

3. The base of a right angled triangle is 24, and the 
perpendicular 18, what is the hjpothenuse ? 

jfns. so: 

4. The waU of a fort sfandinii; on the brink of a ri« 
▼eris 42.426 feet high, the breadth of the rivei>is 23 
^ards ; what length must a cord be to reach from the 
top of the fort across the river f Jlns^ 27 yards. 

5' The hypothenuse of a right angled triangle is SO, 
and the perpendicular 18, what is the base ? 

Am. 24. 

6. A ladder, 50 feet long, will reach to a window 
30 feet from the ground on one side of a street ; and 
without moving the foot will reach a window 40 feet 
high on the otl^r side. The breadth of the street is 
required. Jlns. 23|^ yards. 

7. A line of 380 feet will reach from the top of or 
precipice, which stands close by the side of a brook, to 
the opposite bank, and the precipice is 128 feet high, 
how broad is the brook ? Jus. 357«29 feet* 

8. If a ladder, 50 feet in length, exactly reach the co- 
ping of a house, when the foot is 10 feet from the up- 
right of the buildine ; how Ions must a ladder be to 
reach the bottom of the second noor window, which is 
ir.9897 feet from the eopingi the foot of this ladder 
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standhiK 6 feet from tlie upright of the building, and 
what is the height of the watt of the bouse ? 

Jns. The height of the wall is 48.9897 feet» and 
the length of a ladder to reach the second floor window 
mttsl be 31.5753 feet* 



§ VI. To* /fid Me Jus A of a Tsafezivm, 



BULB. 



Add the two perpendiculars together, and take half 
the sura, whfch maltipljr bj the diagonal : the product 
19 the area. Or, fina the areas oi the two triangles^ 
ABC and ACD (bj section V.), and add them togeUier^ 
the sum shall be the area of the trapezium* 
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EXAUPLKS. 

1. Let ABCD be a trapezium girtn^ the dia^oaai 
of which is 80.5, and tne perpendicular BF SOA$ 
and the perpendicular D£^24 5$ these two added 
together, the sum is $4^.6, the half of which is 27.3 
and this being multiplied b^ the diagonalf 80.5y thft 
product is 2197.65, which is the area of the trape- 
zium* 

By Scale and Compasses* 

Extend the compasses from 2 to 54.6; that extent 
will reach from 80.5 to 2197.65, the area. Or call the 
unit at the beginning of the scale 100, and eitend 
from 2('0 to 546, that extent will reach from 805 to 
2197.65. 

Demonstratioh. This figure ABC I) is composed - 
of two triangles, the triangle ABC is half the paral- 
lelogram AGHC : also the triangle ACD is equal to 
half the parallelogram AC IK, as was proved, sect. V. 
Wherefore the trapezium ABCD is equal to half the 
parallelogram GHIK. To find the area, HI=BF+ 
DE; therefore J HIxAC (ziKIizGH) area of the 
trapezium, which was to be proved. 

2. There is a field in the form of a trapezium, whose 
diagonal is 1660 links, the perpendicular, 702 and 713- 
links what is the area ? 

•ins. 1 1 acres 2 roods 37 .7918 perches. 

3. What is the area of trapezium whose diagonal' 
is 34 feet 9 inches, and the two perpendiculars 19 feet 
9 inches and 8 feet 9 inches ? 

Ms. 495 feet 2 inches 3 parts. 

4. Required the area of a four-sided field^ whose 
Ottth side is ZJiO links^ east side 3575 links^ north 
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side 375$ links, west side 4105 liiiksy and (hediigonal 
from south-west to north-east 4835 links. 

4ns. 123 acres rood 11. 8672 perches. 

$, Suppose in the trapezium ABCD (see the for- 
going figure) the side AB to he IS, BG 13, CD 14, and 
AD 12; also the diagonal AC 16: what is the area 
thereof? M$. 172.5247. 

6. Suppose in the trapezium ABCD, on account of 
obstacles) I could only measure as followsi viz. the 
diai^onal AC 378 yards, the side AD 220 yards, anil 
the side BC fl65 yards : But it is known that the per- 
pendicular DB wiil fail lOQ yards from A, and the per- 
pendicular BF will fall 70 yards from C $ required th6 
area in acres* * 

Am. The perpendicular DE will be 105.959 yardsy 
BV 955.5875 yards; and the area of the trapezium 
«5342,2885 yawla, or l7.War acres j or 17 acres, % 
roods 34 perches. 

W^hen any Uoo iiii9 of a Trttpexium are parallel tQ 
each other^ U i$ then generally called a Tmafszojo | 
the area may befounahy ihefoUowing 

&T7LE. V 

Multiply half the som of the two parallel sides hy 
the perpendicular distance between them^ and the pro* 
duct will be the area. 



EXAMPLES, 

]• Let ABCD be a trape- 
zoid, the side AB 23, DC 
9.5, and CI 13, what is the 
area ? 

First, the sum of AB 33, 
ft nd DC 9.5,18 32.5 ; the half 
whereof is 16.35, which mul- 
tiplied by CI 13i gives the product 211.25 for the area 
rec^uired. 
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DsMOKSTRATKON. Biscct AD in Hy throagb H draw 
PB parallel to BC, ^nd then produce CD to E ; aUodraw 
GH parallel to AB or CD. Now AH is equal to HD» 
and the angle AHF is equal to the angle EHD \Eudid^ 
I. 15 ) also thean^le H ED is equal to the angle HFA 
(Euclid^ I. S9.) Iherefore the triangles beingequiangu- 
lar, and having one side equaU are equal in all respects 
(Euclidf I. 26.) consequently ED is equal to AF.—- 
Againi HG is half the sum of EC and FB, for it is equal 
to each of them, conseauentlj it is half the sum of AB 
and DC, but FB multiplied by CI is the area of the 
figure ECBF, or of its equal ADC By consequently HG 
multiplied into CI is the area thereof; ^hich was to be 
proved. 

S. Required the area of a trapezoid whose parallel 
sides are 750 and 1S25 links, and the perpendicular 
distottce between them 1540 links ? 

•dns» 15 acres roods 3S.2 perches. 
^ 3. What is the area of a trapezoid whose parallel 
sides are 12 feet 6 inches, and 1 8 feet 4 inches ; and 
|he perpendicular distance between them 7 feet 9 
inches P ^n$A\9 feet 5 inches 9 parts. 

^ 4. A field in the form of a trapezoid, whose parallel 
sides are 6'340 and 4380 jards and the perpendicular 
distance between them ISt yards, lets for/.83 : 1 s 7|> 
per annumy what is that per acre I 

Ans. tO^lS :4^ 



§VIf. Of IXRECULJM FiGVRBg^ 

Irregular figures are all such as have more sides 
than four, and the sides and angles unequal. AM such 
figures may be divided into as man? triangles as there ^ 
are sides, wantins two. To find the area of such, 
figures, they must be divided into trapeziums and tri« 
-angles, by lines drawn fiomone angle to another i and 
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^ find the areas of the trapeziums and triangles se* 
parateljy and then add all the areas together ; so will 
yott have the area of the whole figure. 

Let ABCDEFG he an irregular figure given to be 
measured ; first draw the lines AC and GO, and there- 
by divide the given figure into two trapeziums, ACD6 
and GDEF, and the triangle ABC ; of all which, I 
find the area separately* 

First, I multiply the base AC by half the perpendicu- 
lar^ and the product is 49.6, the area of the triangle 
ABC. 

Then for the trapezium ACDG, the two perpendicu- 
lars, 1 1 and 6.6 added together, make ir.6 ; the half of 
which is 8.8, multiplied by S9, the diagonal ; the pro- 
duct is ^5Si the area of that trapezium. 

And for the trapezium GDEP, the two perpendicu- 
iars, 11.2 and 6, added together, make 17.2; the half 
is 8.6 ; which multiplied by S0.5, the diagonal, the 
product is d62.3 the area. Ail these areas added to- 
gether, make 567 A f and so much is the area of the 
«whole irregular figure. See the work. 
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24«8 base AC. 

2 half perpendicttlar. 

49.6areaof ABC. 



11 perpendi€ttlar. 
6.6 

17*6 sum* 



8.8 hair. 
fa diagenal C6« 



792 
176 



1.2 
6 



? perpendiculars. 



^5.& area of ACQO. 
30.5 
8.6 



17.8 Sttm. 



1830 
d440 



aa half aum. 



S63.30 area of 6DEF. 
25a.S area of ACD6. 
49.6 area of ABC 



567.10 aum of the areas. 

This figure beings composed of triaoffles and trapezia 
urns, and those figures being sufficien^^ demonstrated 
in the Vth and Ylth sections aforegoing, it vfiW be 
seedless to mention any thing of the demonstration in 
this place. 



$yin. Of Begvlar Pcltgons, 

To find the area^ or superficial contenty of any regular 
polygon. 

mULE !• 

m 

Multiply the Vfho\e perimeter ^ or sum of the sides 
by halt the perpendicular let fall from the centre 
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to the middle of one of the sides ; and the product is 
sthe area. 







XXAMPLE8. 



1 , Let HIKLMN be a regular hexagon, each side 
being 14.0, the sum of all the sides is 67.6, the half 
sum Is 43.B, which multiplied by the perpendicular 
6S 12.64397, the product is 553.805886. Or if 87.6, 
tbe whole sum of the sides, be multiplied bj half the 

Jsrpendicular 0321985, the product is 5d3'805886, 
l^tch is the area of the giTeo hexagon. 

By Scale and Oompaeees. 

Eiltend the compasses from 1 to 12.64, that extent 
will reach from 43.8, the same way to 553.8. Or, ex- 
tend from 2 to 12.64, &at extent will reach from 
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87.6 to 553.0. Or, as before, call the first number 100 
times as rauch as it is, and each of the two folio wiDg> 
10 times as much as they are« 

Demonstration. Every Tegular polygon is equal 
to the parallelogram, or long Square, whose length is 
equal to half the sum of the sides, and breadth equal 
to the perpendicular of the polygon, as appears by the 
foregoing figure; for the hexagon HIKLmN is made 
up of six equilateral triangles : and the parallelogram 
OPQR is also composed of six equilateral triangles, 
that isj five whole ones, and two halves;' therefore the 
<parallel<^ram is equal to the hexagon. 

2. The side of a regular pentagon is 25 'yards, and 
the perpendicular from the centre to the middle of on<S 
of the sides is 17.20477^ ; required the area. 

Jins. 1075.3984. 

5. Required the area of a heptagon, whose side is 
19.3 8, and perpendicular 20. 1315. 

Ms. I364.84iai5. 

4. Required the are of an octagon, whose side is 
9.941, and perpendicular 13. .^ns. 477.168. 

5* Required the area of a decagon^ whose side is SO, 
and pependicular 30.779836,* Jn0. 3077.683a. 

6. Required the area of a duodecagon, whose side is 
JOt, and perpendicular 190.354^908. 

^ns. II 6484. r 695696. 

7. Required the area of a nonagon^ whose side ia 
40, and perpendicular 54.949548* Jins. 9890.91864. 
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8^* Required the area of an undecagoD) whose side is 
QO^ and perpendicular 34.05<^74. 

Ans. 3746.25^314. 

0. Required the area of a trigon, viz, an equilate- 
ral trianglei whose side is 20, and perpendicular 
5b773452« Jm. 173.20506. 

10. Required the area of a tetragon, viz. a square^ 
whose side is 20^ and perpendicular from the centre 
to the middle of one of the sides 10. .tfns. 4pO. 



j9 Table for the more ready finding the area of apa^ 
tygon^ and also the Perpendicular. 



J^To. of J\^ame of the 1 i. Areat- 
Sides. Polygon. The tide I. 


11. Perpeud, 
The si'Ie I. 


3 . 

4 

5 

6 

7 

8 

9 

to 

11 
a2 


IVigODi 

Tetragon^ 

Pentagon, 

Hexagon, 

Heptagon, 

Octagon, 

Nonagon, 

Decagon, 

Undecagon, 

Duodecagon, 


.433013 
1.000000 

1.721477 
S.598U76 

3.633912 

4.82 427 

6.1^U824 

7.694209 

9.365640 

11.196152 


.288b751 

.5000000 

.6981910 

.8660^54 

1.0382617 

1 2071068 

1.3737387 

15388418 
1.7028437 
1.8660254 



RULE II. 



Multiply the sqaare of the side bj the tabular area^ 
and the product is the area of the polygon. Or, mul- 
tiply the side ef the polygon by the tabular perpendi- 
cular, and the product will give the perpendicular of 
tiie polygon ; then proceed by the first rule. 



ioo 



Menauraium of Suferficm. 
How to find the Tabular JWm^rs. 




These numbers are found 
by trigonometry, thus : find 
the angle at the centre of 
the polygon by dividing 360 
des;rees by the number of 
sides of the pdiygon* 

Example. Suppose each 
side of the duodecagon an- 
nexed be 1^ and the area be 
required. 

Divide 860 by 12 (the number of sides) and U»e g«^ 
iient is 30 degrees for the angle ACB; the half of 
which is 15, the angle DCB, whose complement to M 
degrees is 75 degrees, the angle CBD .: then say 

As s, DCB 15 degrees, Co-ar.O 5Sr004 

is to .5 the half-side DB log. Q.698970 

so is s, CBD 75 degrees, 9.984944 

to the perpendicular CD 1.8660125 0-27091^ 

Then 1.866025 multiplied by 6, (the half perimeter) 
the product is 11.196152 theatea of the dnodecagoa 
required. - . 

Example. If the sid^ of a hexagon be 14.6, what 

is the area P 

14.6 2.698076 tab. area. 

14.6 213.16 



876 
584 
146 



213.16 squ. 



■*■«■■ 



• * f 



15588456 
2598076 
7794228 
8598076 ^ 

5196152 

553.80588016 area, the same 
i ■ I as at page 97* 
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NoTs. Should more exftmplea be thought necessarj^ 
take any oT those u&der rale L 



§ IX. Of aCiMoLB. 

There 10 no figure that aflfords a greater varietj of 
Vfleful properties than the circle. It is the most ca« 
pacious of all plane figures, or contains the greatest 
area within the same perimeter, or has -the least peri- 
meter about the same area. 

.The area of a circle is always less than the area of 
any regular polygon circumscribed about it, and its cir- 
cumference always less than the circumference of the 
polygon. But on the other hand, its urea is always 
greater than that of its inscribed polygon, and its cir- 
cumference greater than the circumference of it^ in- 
seribed polygon; hence the circle is always limited 
between these polygons. The area of a circle is equal 
to that of a triaogle, whose base is equal to the circum^ 
ferencei and perpendicular equal to the radius. 

Circles, like other similar pl^e figures^ are in pro-^ 
portion to one another^ as the squares of their diame- 
ters and the circumferences of circles, are to one ano- 
ther as their diametersi or radii. 

The proportion of the diameter of a circle to its 
circumference has never yet been eceactly determiuedr 
This jproblem has engaged the attention, and exercised 
the abilities of the greatest mathematicians for ages $ 
BO square, or any other right-lined figure, has yet 
been found, that shall be perfectly equal to a given cir- 
cle. But though the relation between the diametei^' 
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aod.circumfarence has not been aconratelj expressed 
in numbers, it may be approximated to anj assigned 
degree of exactness. Jirchimedes^ about two thousand 
years agoy discovered the proportion to be nearly as 7 
to 22 ; other, and nearer, ratios, have since been -suc- 
cessively assigned^ viz. 

As 106 to 333, 
As 113 to 355, &c. 

This last proportion is very useful, for being turned 
into a decimal, it agrees with the truth to the sixth fi« 
gure inclusively. Vieta^ in his univerBalium inspeetio' 
nem ad canonem mathematicunif published in 1579, by 
means of the inscribed and circumscribed pol vgons of • 
393216 sides, carried the ratio to ten places of figures, 
shewing that if the diameter of a circle be 1 the cir- 
cumference will 

be greater than 3.1415936535, 
but less than 3.1415926537. 

And Ludolf Van Ceulent in his book de circulo H ad- 
seriptisy by the same means carried the ratio to 36 pla*> 
ces of figures ; this m{AS thought so extraordinary a 
performance, that the numbers were cut on his tomb- 
stone in St. Peter's church-yard, at Leyden. These 
numbers were afterwards confirmed by Willebrord 
SnelL Mr. Abraham Sharp, of Little Horton, near 
Bradford, Yorkshire, extended the ratio to 72 places 
of figures, by means of Dr. Halley's series, as may be 
seen in Sherwin*s logarithms. Mr Machin, professor 
of astronomy in Gresham college, carried the fatio to 
100 places of figures ; his method may be seen in Dr. 
Hutton's large treatise on mensuration. Lastly, M. de 
Lagny, in the mtmoir% de VAcad. 1719, by means of 
the tangent of an arch cf 30 degrees^ has carried the 
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ratio to the amazing extent of 128 fibres; finding 
that if thp diameter be 1, the circumterence will be 
SA4\59 92653, ^8979,' S3384, 62643, 3^327, 95038, 
84197, 16939, 93751, 05(1120, 97494, 46Q23, 07816, 
49628, 62089, 98628, 03482, 53421, 17067, 98214, 
80865, 15272, 30664, 70938, 446+ or 447.— But on 
ordinary occasions 3.1416 is generally used, as being 
sufficiently exact. 



PROBLEM I. 

Hav^ the Diameier to find the Circumference, or cir- 
cumference to find the diameter, 

KVLES. 

1. As 7 is to 22, so is the diameter to the circum- 
ference. 

Or, as 113 is to 355 so is the diameter to the cir- 
cumference. 

% 

Otj as 1 is to 3.1416, so is the diameter to the cir- 
cumference* 

2. As 22 is to 7, so is the circumference to the di- 
ameter. 

Or^ as 355 is to 113, so is the circumference to the 
diameter. 

Or, as 3.1416 is to 1, s%is the circumfereoee to the 
diameter ; or, which is the same thiog, as 1 is to 
•318309, so is the circumference to the diameter. 

XZAMPtES. 

1. The diameter of a circle is 2^.6^ what is the cir- 
cumference i 
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Multiply the diameter 326 by 2^2. the product is 
497.2 ', which divided bj 7 gives 7 1.028 for the circum- 
ference. Or> (by the second proportion) if 22.6 be 
multiplied by $55, the product will be 8023 ; this di* 
vided by 113, the quotient b 71) the circumference. 
Or (by tho third proportion) if 22 5 he moltipUed into 
31416,* the product is 71.00016, the circumferences 
the two last proportions are the most exact 




By , Scale and* Compasses. 

Extend the compasses from 7 to 22, or from 113 to 
355. or from •) to 3.141 16 i that extent will reach from ^ 
92.6 to 71. 

2, The circumference of a circle is 71,* what is the 
diameter ? 

If .318309 be muUipIi^Ay 71, the product will be. 
22.5999239 for the diameter. Or, 113 multiplied bj 
71,. the product is 8023; which divided hy 355, the 
quotient will be 22.6 the diameter: Or 71 tnultiplied 
by 7, the product is 497 ; this divided by 22; the quo- 
tient is 22.5999^ the diameter. 
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B^ Scale and Compasses, 

^Extend the compasses from 3.1416 to 1, that extent 
wiH reach from 71 to 2^.6y which is the diameter 
sooght. 

Qr, you may extend from 1 to .318309. 

Or from £2 to f • 

Or from 355 to 11^ $ the same will reach from 71 to 
22.§» as before^ 

NoTB* That if the circttmference be 1> the diameter 
will be .3I&309 ; this number being found by dividing;^an 
uniiby 3.141^^ 

3. If the diameter of the earth be 7970 miles, what 
13. its circumference, supposing it a perfect sphere f 

Jins. 25038.532 miles« 

4& Required the circumference of a circle whose 
diameter is 50 feet. Jln$. 157.08 feet 

5\ If the circumTerence ora circle be 12, vvhat is the 
diaineter h Ms. 3.819708. 



PnOBLSM II* 

To find the Area of a Circle. 

BVtES. 

1. Multiply half the circumference by half the diam- 
eter : Or take J of the product of the whole circumfer- 
ence and diameter,.and it will give the area. 

2. Multiply the square of the diameter by.7854.jand 
the product will be the area. 

3. As 452 is to 355, so is the square of the diameter 

to the area. ^ x, ,. . 

4. As 14 is to 11, so is the square of the diameter 

to the area. 
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5. Multiply th^ square of the circumference bj 
.07958, and the product will be the area. 

6. As 88 is to 7, so is the square of the circumfer- 
ence to the area. 

7. As 14S0 is to 1 13, so is the square of the circum- 
ference to the area. 



EXAMPLES. 

1. The diameter of a circle is 22.6, and its circum- 
ference 71, what is the area by the first rule ? 



S5.5 half the circumference* 
11.3 half diameter. 


££.6 diameter. 
71 circumference. 


I0«r 
S55 


226 
1582 


OO 


4| 1604.6 


01.15 area. 


401.15 area. 



Dkmokstration of rule 1. Every circle may be 
conceived to be a pplyson of an infinite number of 
aides : Now the semidiamet^r, must be equal to the 
perpendicular of such a polygon ; and t^ circum-* 
ference of the circle equal to the periphery of the 
polvgon ; therefore half the circumference, multiplied 
by half the diameteri gives the ar^* - The otiier part 
is self-evident. 



2. If the diameter of a circle be I, and its circumfen 
ence 3.1416, what is the area ? 

^Jin$. .78*4. 



MSmsuratian of Superficies. lor. 

3. If the dmmeter of a circle be 32.@y what is the 
j area by the second rule ? 

32.6 diametec. 510.76 

22.6 .7854 



^ 



1556 204304* 

452 255380 

452 408608 



510.76 squ. of the diameter. 



S57532 



401.150904 area. ^4^PU^iA^ 



Demokstratxok ov rule 2. All circles are to each 
other as the squares of the diameters, and the area of 
a circle whose diameter is 1, is .7854 (by the second 
example) ; therefore as the square of 1^ which is !» 
is to .7854. so is the square of the diameter of any 
circle to its area. . 



4. If the diameter of a circle be 32.6^ what is the 
area by the third rule ? 

As 452 :S55 :: 510.76 the square of the diameter: 
401.15, the same as before. 

Dbmokstratiok 07 RVLS S. By problem I. w« have, 
as 113: 355 :: diameter 1 : circumference; but the 
area of a circle whose diameter is 1» is ^ of this cir* 
cumference by rale I. problem 11. vix, it is |ff $ but 
the areas of circles are ter each other as the squares 
-of their diameters, therefore square 1 : |f| :: square 
of any diameter : the ar6a $ vix* 452 : 355 : : square 
<of any diameter : the area. 

5» If the diaiHeter of a circle be 22.6, what is the 
•area by the foorth rule ? 
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As H : U :: 510.78 the square of the diameter: 
401.31 the area which is larger than bj the other me- 
thods. 



Demonstratxoii 09 EtTLB 4. B? problem I. we have 
«8 7 : 22 :: diameter 1 : circumference $ andi by the 
same argument as above, the area of a circle whose 

diameteris l»isff iir^; hencoy 1^ : 11 *• square of 
the diameter : the area. 



\ ^. If the circumference of a circle be 71^ what isihe \ 

area by rule 5 ? 



71 circumference. 
'1 


^87058 
5041 


71 

497 

5041 sqn. of the circumference. 


7958 
S1882 

39790 


40M6£78 area. 



The reason of the above operation is "easy ; for as 
the diameter of one circle is to its wcumferencej so 
is the diameter of any other circle to its circumfer* 
ence : therefore the areas of circles are to each other 
as the squares of their circumferences ; and .07958 is 
tiie area of a circle whose circumference is 1 ; for 
when tlie circumference is !» the diameter ia .8l8S09f 
as has been observed before. 

7. If the circumference irf a cirde be 71| what ie the 

area by the sixth rule ? 

». 

As 88 : 7 :: 5041 the squaro of the. tireomference : 
400«98 area. 



I 
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Dshokstrahok or rule 6« By problem I. we 
have as 23 : 7 :: clrcamfereoce I : diameter; but by 
rule I. problem II. the area of a circle whose circum- 
ference is 1, is ^ of this diameter, vi». -^^ Now the 
areas of circles are to each other as the squares of 
their circumferences ; therefore square 1 : /^ :: square 
6f an^ circumference : area f viz, 88 t 7 :: square of 
any circumference : area. 

8. If the cifcamierence of a circle be 7 1» what is the 
area by the 7th rule ? 

As 1420 : 113 :: 5044 the square of the circumfer- 
ence : 401,15 area. 

Dbhomstratiok of rulk 1. By problem I. we have 
as 355 : 113:: circumfbrence 1 : diameter ; and, by the 
same argument as above, the area of a circle whose 
circumference is '1 , is -^^ ; therefore it follows, that 
1420 : 113 :: square of any circumference : area. 

9. What is the area of a circle whose diameter is 12 ? 

Jng. 113.0976. 
10* The diameter of a circle is 12, and its circum^ 
ference -37.69921 what is the area? 

Ans, 113.0970. 

11. The circumference of a circle is 37.6992, what 
is the area ? wins. 1 1 3. 1 04579, &c. 

12. The surreying-whed is so contrived as to turn 
just twicein len^h of a pole, or 16| feet; in going 
ronnd a circular l>owling-green, I o&erved it to turn 
exactly 200 times ; wliat is the area of the bowling-^ 
green* 

JinB* 4 acres 8 roods 35.8 perches, 
is. The length of a line, with which my gardener 
fiormed a circufiir fish pond^ was exactly 27| yards : 
pray what quantity of ground did the fish-pond take 
ilpf 

Jins. 2419.22895 yardS| or half an acre nearljfV» 
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PROBLEM III. 

Having the Diameter^ Circumference* or Area of a Cir^ 
cle given; to find the side of a Square equal in Area 
to the Circle^ and the side of a Square inscribed in 
the Circle $ Or^ having the side of a Square given^ 
to find the Diameter of its Circumscribing Circle^ 
ana also cf a Cirete equal in Areay ^c, 

RULES. 

1. The diameter of any circle, multiplied by 
.8863269, will give the side Gi a square equal ia 
area. 

2. The circumrerence of anj circle, multiplied 
bj .2320948, will give the side of a square equal in 
area. 

3. The diameter of any circle, multiplied by 
•707] 068, will give the side of a square inscribed in 
that circle. 

4. The circumference of any circle, multiplied by 
.3250791, will give the side of a square inscribed ia 
that circle. 

5. The area of any circle, multi(flied by 6366197, 
and the square root of the product extracted, will give 
the side of a square inscribed in that circle. 

6. The side of any square^ multiplied by 1.414236, 
will give the diameter of its circumscribing circle. 

7. The side of any square multiplied by 4.4i28829, 
will give the circumference of it? circumscribing 
circle. 

8. The side of any square, multiplied by 1.1283791, 
will give the diameter of a circle equal in area to the 
square. 

9. The side of any square, multiplied by 3.5449076, 
will give circumference of a circle equal in area to 
the square. 
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ExpianaHon of these Rides, 
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Let ADBG represent a square equal ii^ area to the 
circle ; and EHFG a sqoare inBcrioed in the circle ; 
GH and EF diameters of the circlei perpendicular to 
each other. 

Iv The area of a circle^ whose diameter is 1| is 
.7854y or .73539816, &c. the square root of which 
gives the number in rule 1.— And as the diameter of 
one circle is to the diameter of another, so is the side 
of a square equal in area to the former, to the side of 
a square equal in area to the latter, &c. 




t. The area of a circle^ whose circumference is 1 
is .0795775, &c. the square root of which gives the 
number in the 2d rule. 

3. To the square of EOaB|, add the square of 
G0=^9 the square root of the sum. will give the third 
number. 

4. The diameter of any circle, when the circum- 
ference is 1, is .318309, &c. hence EO or GO is 
1'.159154, &c. with which proceed as above, and jou 
wiU find the fourth number. 
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Hence it appears^ thai if the diameter of the eirc 
cle 18 give 11) or can be foand^ the side of the inscri- 
bed square ma? be found ; and if the side of a square 
equal in areato the circle is given, the diameter and 
circumference of the circle May be readily found* the 
former bj dividing the area by JSS^Qy &c. and eiKtract- 
ing the square root of the quotient (see rule 2. prob. U.) 
and the latter by dividing the area by .0795776, &c- 
and extracting the square root of the quotient (see 
rule 5. prob. 110— The rest of the numbers are left^ for 
the learner to examine at his leisure* 



£XAMP;.£9v 

i. If the diameter of a circle be 22 6, what is the 
side of a square equal in area to the circle ? 

I'he side of a square equal in area to a circle, whose 
• diam^eris I, by rule 1, i^ .8662269 ;— hence^ 22.6X 
8862269=«20.O2872794, the side of the square. 

2. If the diaiDieter of a circle be dO, what is the 
side of a square equal in area P jins. 44;31 I34i. 

3* If the circumference of a circlfl^ be 40, what » 
the side of a square equal in area tC the circle ? 

The side of a square equal in area to a circle whose 
circumference is I, by rule 2, is .2820948; and 
.2620948x40=11.283792, the side of the square. 

4;. If the circumference of a circle be 71, what is 
ihe side of a square equal in area to the circle ? 

Jins. 20.0287306. 

5. If the diameter of a circle be 50, what is the side 
of a square inscribed in that circle ? 

The side of a square inscribed in a circle whose 
diameter is 1, by rule 3, is .7071068, therefore, SOX 
.707 1068=35.35534, the side of the square. 

6. if the diameter of a circle be 22.6 what is the 
, side of a square inscribed in that circle P 

Jins, 15.98061368. 
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7^ ir the eircQinferenee of a circle be 40, what is 
the &ide of a square inscribed in that circle ? 

The side of a square inscribed in a circle^ whose 
circumference is 1, bj rule 4y is .2250791 ; and 40x 
.225079 1 as9.0031 6 ^ the side re<]|uired; 

8. If the circumference of a circle be Tly what ie the 
aide of a square inscribed in4hat drcle f 

JIns. 15.9806161. 

9. If the area of a circle be 196$.5| what is the side 
of a square inscribea In that circle ? 

The area of a square inscribed in a circle whose area 
is 1, by rule 5, is .6366197 1 therefore, 1963.5 X. 6366 1 97 
A1250.00S78095, whose square root is 35.3553| the side 
of the inscribed square. 

10. If tiie area of a circle be40f.l5f what is the 
side of a aquare inscribed in that circle.* 

•Alts. 15.9806; 

11. If the side of a square be 35.36, what is the 
diameter of a circle which will circumscribe that 
square P 

The diameter of a circle that wilf^ circumscribe a 
square whose side is 1, by rule 6» is 1.4142136 ; and 
.35.36xl.4U2l3a»50.006592896»the diameter. 

12. If the side of a Si]uare be 15.98, what is the 
diameter of a circle which will' circumscribe that 
square? * .tfnA. 22 599183328. 

13. If the side of a square be 35.36, what is the 
circumference of a circle which will circumscribe that - 
square I 

. The circumference of a circle that ' will circumscribe 
A square whose side is }\ by rule 7« is 4.4428829 and ' 
35.36X4.4428829=157.1000339344; the circumfer*- 
ence. • 

14. If the side of a square be 15.98; what is the cir- 
cumference of a circle which will circumscribe that < 
square ? Jns. 70.997268742. 

15. If the side of a square be 35.36, what will be^* 
the diameter of a circle baying the same area as the^ 
simare P 
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The diameter of a circle having the same area as 
a square whose side is I9 by rule 8, i§( 1,1283791, ; 
hence 35.36x1.1 £8379 l»39.89948497a, the diameter. 

Id, If the side of a square be £0.029, what will be 
the diameter of a circle having the same area as the 
square ? Jins. 226005049939. 

17. If the side of a square be 35.36, what is the 
circumfereiice of a circle, having the same area as the 
square ? 

The circumference of a circle that will be equal to 
the area of a square whose aide is 1, bj rule 9, is 
3.6449076 therefore— 

35.36X3.5449076:^125.34793^361 the side 
of the square. 

18. If the side of a square be 20.029« what is the 
circumference of a circle^ having the same area as the 
square? Jn$. 71.000954. 



Note. All the foregoing examples are easily work- 
ed by scale and compasses, for they consist only of muU 
ttplication. But in the 9th example a square root is 
to be extracted ; and in order to do this right, it will 
be necessary to call the middle unit upon the scale a 
square number, as 1, 100, lOOOO, &c. or 1, ^ht* &c-— ' 
Thus, if the number to be extracted consist of one 
whole number, call the 1 in the middle of the scale an 
unit ; if of two or three whole numbers, call it 100 ; 
if four or five whole numbers, call it lOOCK), &c. for 
jwhole or mixed numbers. For pure decimals, if the 
number to be extracted consist of one or two placest 
call the unit i# the middle of the scale I, then the I. 
at the left-hand will be ^, the figure 2 will be ,%, &c* 
or the 1 at the left-hand may be called -^y then the 
figure 2 will be ^%, &c. so that you will more readily 
obtain the intermediate places. This being under?- 
stood, extend the compasses from the middle ui^t thus 
estimated, to the numoer to be extracted ; divide the 
space of this extent into two equal parts^ and the mid- 
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die point will be the root required : but here you 
must observe that the middle unit will change its va- 
lue (except you call it an unit)i that is, if in the first 
extent you estimated it at lOO, it must now be con- 
sidered as 10 ; if at 10O00» it mu«t now be called 100, 
&c. Thus in the 9th example the square root of 1250 
is to be extracted ; here I consider the middle unit as 
10000, and extend from it towards the left-hand to \250y 
tiie middle point between these is 35.3, estimating the 
middle unit now at 100. A little practice will render 
these observations familiar. 



§ X. TofiM the Area of a Smmicircle. 



HULB. 



Multiply the fourth part of the circumference of 
the whole (that is, half the arch line) by the semidi- 
ameter, the product is the area* 

examfx.es. 

1. Let ACB be a semi- 
circle, whose diameter is 
226, and the half circum- 
ference, or arch line, ACB, 
is 35.5, the half of it is 
1*7.75, whkh multiply by the 
semidiameter 11.3, and the 
product is S00.575, the area of the semicircle. 

By Scale and Compasses. 

Extend the compasses from 1 to 11.3 $ that extent 
virill reach from 17.75 to 200.575, the Area. Or, as 
before} tall the first number 100 times as much as it is, 
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and each of the two following 10 times as much af 
they are. 

If odIj the diameter of the semieircle be gtveii 
yqu may «ay, by the Rule*of Three* 

Ae 1 is to .39271 so is the square of the diameter to 
the area ; or multiply the square of the'diameter by 
•7354»aiid take half the products 

2. Th0 diameter of a circle is • SO, and the semicir* 
Gumference 47.184$ what is the area of^'the 8emiclr<» 
cleP Ans, 353.43. 

3. The diameter of a circle is 200^ what is the area 
of the semicircle ? «fns. 15708^ 

4. If the circumference of a circle be l57.06| and 
the diameter 50 y ^hat is the area jo£ the semicircle ? 

Ans. 981.75. 



§ X>I.> To find theJSsMA of a ^vAURAvr^ 



Multtply half the arch lihe of the quadrant, (tfaat^ 
U« the ei^th part of the circumference of the whole - 
circle,) by the semidiameter^ find the product is the ar«a . 
of the-quadrant. . 

I; Let ABC be a quadrant,' or ^. , 
fourth part of a circle, whose radius, ^^^^^ 
or semidiameter is 1l4>^and the half 
arch line 8.875 ; these multiplied to- 
gether, the product is 100.2875. for the 
area. 



These art the rules commonly given for finding the 




I 
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area of a semicircle and qdadtant; but it is the beat 
way to find, the area of the whole circlci and then 
take half that area for the semicircle, and a fourth part 
for the quadrant 

2. Required the area of a quadrant^ the radius being 
15, and. the length of the, arcn line 23.S^2. 

S» The diametec of i^ circle is 200, what is the area 
of the quadrant ^ w^ns. 7954. 

4. If the circumference of a circle be 157.08, and the 
diameter 50, whatis the area of the quadrant ? 

Jins 490.875. 

Before I proceed to shew how^ to find the area of 
the sector,, and segment of a circle, L shall shew how 
|p find the length of any arch of. a circle.. 



To fini the Utigfh of any Ateft of a Circle ^^ 



RVXife* I. , 

Multiply, continually, the radius, the number of de*^ 
grees in the given arch, and the number *.01743329 
the product will, be the. length of the arch. 

ExAMPLB. 1. If the arch ACB contain 118 degrees 
46 minutes 40 seconds, and the fl^i us of the circle, of 
which ACB is an arcbj be 19.9855 : what is the length 
of the arch ? 

First, 118 degrees 49 minutes 40 seconds,., are equal 
to H^f degrees. • 

19 9855X1 18{^X.01745329«4L431199i &c» the 
length of the arch. 

* When the radius is 1, the semi-circumference of the cir- 
cle i« 3.14159265, &c. and this number divided by 180, the 
degrees in a semicircle, giv«s .017453?9for the length of one^ 
degree when the radius, is unitje^ 



lis 
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Rtr&x ft. 



From eight times the chord of half the arch, sub- 
tract the chord of the whole arch, and one third of the 
remainder will be the length of the arch nearly. 

Example 2. If the chord, AC or BC, of half the. 
arch be 19.8, and the chord A-B of the whole arch 34.4f 
what is the length of the arch ACB ? 




8X19.8~34.4=]24; which divided by a,giTe8 41|; 
for the length of the arch. 

3. If the chord AB of the whole arch be 6, and the 
chord AC of. half the arch S.04S336, what is the length 
of the arch ? Jins. 6.116896. 

4. If the radius of the circle be 9, and the arch 
contain 38.9424412 degrees^ what is its length ? 

dm. 6.117063. 

5. There is in an arch of a circle whose chord AB is 
50.8 inches, and the chord AC 30.6^ what is the length 
of the arch P » Jins, 64| inches. 

. 6. The chord AB of the whole arch is 40, and the 
versed sine DC Id, what is the length of the arch ? 

dns. 5S|. 

7. If the radius of the circle be 11.3, and the arch 
contain 52 degrees 15 minutes, what is its length P 

dns. 10.304858, &C.. 
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; To find the diameter of a Circle by having the chord 
[ and versed sine of the Segment given. 



RULE. 



•% 



Square half the chord ; divide it b^ the versed sine, 
and to the quotient add the versed sine; the sum will 
be the diameter. 



DSMONSTRATION. 

The half chord AD, 
IS a mean propor- 
tional between the 
segments, CD, DE, 
of the diameter CB; 
that is AD>»CD 
XDE (by 1S.60 
AD» 
therefore, —ass 

CD 
DE; to these equals 

AD« 
add CD, and--~ 

CD 
xCD=DExDC 




ssbCE z which, iti words, gives the above rule* 

EXAMPLES. 

1. Let ACB be a segment given« whose chord AB 
is 56, and the versed sine CD 6; half 36 i^ 18, which 
squared, makies 324 ; this divided by 6, the quotient is 
54 : to which add 6, the sum is 60, the diameter of 
the circle CE. 

2. If the chord AB be 18, and versed sine DC 4 ; 
what is the diameter EC ? Utns* 24^ 



r 
k 
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$ XII. To find the J^rea of ike SxcroM of a Cmcjjs, 

RULE. 

Multi()l7 hilf the length of the arch by the radius 
ef the xirde^^tDd'the prodttctis the area of the setter. 

EXAMPLES. 

1. Let ADBEbe the sector of a circle given^ whose 
radius AB or BE is 24.5| and the chora AB S9.2 $ 
what is the area ? 

First, find the chord of half the arch, and then the 
length of the arch by section XL 

Prom the square of AE 400.25, take the square of 
AC 384.16, the square root of the remainder, 216.09. 
gives xEC, 14.7 ; from ED, or its equal AE, take EC, 
the remainder 9.8 is CD— then to the square of AC 
3t}4.]6y add the square of CD 96.04, the square root 
of the 80m 480.2 giyes AD 21.9135, the chord of half 
Jthe arch, hence the arch AD is 
Ibund to ^e f2.68466 ; this multi- 
plied by the radius, 1S4.5, gives 
555.77417 for the area of ^e sec- 
tor. 



ft. Let LMNO be a sector greater than a semtclrcle» 
whose radius LO or NO, is 30.6, and the chord Nc of 
half the arch McN 20.35962 s also the chord MN of 
the whole arch McN, that is, of half« the arch of the 
sector, is 354 ; what is the ar^ ? 




%/ 
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The arch McL will be foand, bj the foHowingy to 
be 42.49233, this muitipUed by the radius^ 20.6| gives 
875.343792, the area. 




S. Required the area of a sector^ less than a se- 
micircle, whose radias is 9> and the chord of the. 
archd. 

Jins. The length of the arch is 6.11689^ and area 
27.526052. 

4. Required the area of a sector, whose arch con- 
tains 18 degreeSf tiie radias being; 5 feet. 

JIns. The length of the arch is .94247766, and the 
area 1.41S71649. 

5. R^guired the area of a sector, jester than a 
semicircle, whose radius LO or NO is 10, and the 
chord MN of half the arch LM c N» viz, the chord of 
the whole arch M c N^ is 1 6. 

Jlns* As in eiample 1, jou will find Ncss8.94427l99 
and the length of the arch M c N 18.518050584 $ hence 
the whole area will be 1 85. 1 8050584. 

6. What is the area of a sector, less than a semi- 
circle, the chord of the whole arch AB being 50.8, and 
the chord of half the^arch AD 30.6. ^ 

JBtns. The length of the arch is 64f ; and by taking 
the sqaare root of the difference of the squares of AD 

M 



\i2 
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and AC, DC will be found to be 17.0645 ; then bj the 
method of finding a diameter, Section XI, as 17.0643: 
25.4 (»AC) :: 25.4: 37.8071, the remaining part of the 
diameter ; hence the diameter is 54.87 1 6, radius 
27.4358, and area of the sector 887.0906* 



§ XIII. To find the ^rea of 

Circle. 



the Segment of a 



BULB. I. 

Find the area of the whole sector CAD6C by 
Section XII. and then (by Section V.) find the area of 
the triangle ABC, and subtract the area of the tHan* 
glefrom the area of the sector, the remainder will be 
the area of the segment. If the segment be greater 
than a semicircle, add the area of tlie triangle to the 
area of the sector, and the sum will be the area of ttie 
segment. 

EXAMPLES. 



1. Required the area 
of the segment ADBG 
whose chord AB is 35 
and versed sioe OE, 9.6. 

First. By the miethod 
of finding a diameter, 
sect. XL as 9.6 : 17.5 
(=AE) :: 17.5 : 3i.9, 
the remaining |>art of 
the diameter, which add- 
ed to D£, gives 41.5 for the diameter, the half of which, 
20.75, is tne radius CD, from which take DB, the 
remainder 1 1.15, is the perpendicular CE of the trian- 
gle ACB. 
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Second. To the square of AE 3C6.25 add the square 
of ED 92.16. the squares root of the sum 398.41 is 19.96, 
the chord AD of half the arch : then the area of the 
triangle ABC will be» 195.125 the arch AD»20.7d ; 
the area of the sector €ADBsi3 1.1 850; aadthatof 
the segment ABD»»236 06. 

2. LetMACBM be a segmest greater than a semicir- 
cle ; there are giveii the base of the segment or chord 
AB 20.5, the height MC 17.17, the radius of the circle 
1 1.64* tiie chord of half the arch ACB| viz. AC 20 and 
the chord of one-fourth of the arcli 11.5, to find the 
area of the segment* « 



Half the arch line 
will be found, as before, 
tobe«B24$ which mul- 
tiplied bj the radius 
1L^4, gives 279.^6 for 
the area of the sector 
LACB; and half the 
base AM, multiplied b? 
the perpendicular LM, 
ats5.5S gives 56.6825 for 
the 'area of the triangle 
ABL. Hence 336.0425 
ABC. 




is the area of the segment 



&ULX lU 



1*0 two thirds of the product of the chord and height 
of the segment ,add the cube of the height divided ov 
twice the chord, and the sum witl be the area nearly* 



Note. When the segment is gre^r than a semicir- 
cTe, find the area of the remaining seglnent, and subtract 
it from, the area of the whole circle* 
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XXAMPI.SV* 

1. Reqaired the area of a se^ent ADBE, less than 
a semicircle, whose chord AB is 35, and versed sine^ 
or height of the segmenti DB 9.6. 



I of S5X9.6=«224, and 
9.6x9.6x9.0-!-«x35=12.e3& 



Area of the 6egmeQt»236.0S9 

2. The area of a segment pTtft^^i* than a sefnieireie 
is required, the chord hcing 20.5. and height 17.17. 

As 17.17 ; 10.25 :: 10.25 : (1.119, the height of the 
remaining segment hy sect. XI ; hence ^he diameter !« 
23 289, and the area of the whole circle 425.983305. 
By rule 2) the area of the remaining segment ia 
89.214347, which subtracted from the area of the 
whole circle, leaves 336.768958 for the area required. 
See exam{>te 2* 

3. Reauired the area of a segment, less than a aemi<* 
circle^ whose chord is 18.9, and height 2.4. 



a 5 30 601 875 hy role I. 
'^"*' i 30.6057 by role 2. 



4. Required the area of a segment, less than a se- 
micircle^ whose chord is 23, and heisrht 3.5« 



i 54.598732 by rule 2. . 



5. Reqnired the area of a segment, greater than a 
semicircle, whose chord is 12, and height 19* 

Jtna, 297.826 by rule 2. This may also be done by 
rule 1 ; for, by what is given, every given line marked 
in the figure to example 2, may be found. 
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$ XI V, To find the Area of Com pound Figurrs. 

Mixed or compound figures are such t8 are composed 
of rectilineal ana corTilineal figures together* 

To find the area of such mixed figures^ you must 

find the area of the several figures of which the whole 

compound figure is composed, and add all the area^ 

together! and the sum will be the area of the whole 

compound figure. 

• 
Let AaBCcDA be a compound figure, AaB being 

the arch of % circle whose chord AB is 18.9, and height 

2,4 ; CcD is likewise the arch of a circle whose chord 

CD is 25| and height 5.5 : And ABCD is a trapexium, 

whose diagonal oU is 34, and the two perpendiculars 

Jd and 10.2 $ required the area of this compound figure* 




:jn^ 



B J example 4. section XIII. the area of 
the segment AaB is -..••-. 50.601875 

Bj example 5. section XIII. the area of 
the segment CcD is --»•-«• 545844 

Area of the trapezium ABCD • - 547-4 

Area of the compound figure - • - 6S2«58d275 

M2 
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§ XV. To find the Area of an Ellj^sis^ 



RULE. 



Multiply the tramTereey or longer diameter, bj the 
conjugate or shorter diameter, and that prodii£t bj 
•7854 ; the last product is the area of the ellipsis. 




SXAMPLBS* 

1. Required the area of an ellipsis whose longer 
diameter AB is 61.6* and shorter diameter CD 44.4. 

61.6x44.4x.7854rs2i48.1004ia, the area of the 
ellipsis. 

2. The lonser diameter of an ellipsis is 50, and the 
shorter 40, what is the area ? Jim* 1570 8. 

lk The longer diameter of an ellipsis is 70, and the 
sbmer 50, what is the area ? •dn$.2r48«9. 

4/ Required the area of an ellipsis, whose transverse 
diameter is 24» and conjugate 18. 

Jins. 359«2928. 



MemuraHon of ShtfirJtcUi. 
Demonsiraiian of the BmU. 



IV 



Pat the traasTerse axis STasa ; the conjagate Nnscs. 
the heisht Tai or "Sb, of any Btmtut^Xi and its cor- 
responoing ordinate a(»jf ; then by tiie property 

c 

of the carve, y=r—^ oop^— or* and the floxton of the 

a 2c 

segment VTh^ or iNi»— xar^/ cur— jp*. Now, 2x 

a 
v^ OA^—dp' is known to be the flaxion of the correspon<» 
ing circle segment, BTB or 6N6. Therefore, if the 
circalararea oe denoted by A, the elliptical area will 

e 
he expressed by— XA« Hence it appears that the 

a 
area of the se^ent of the ellipsis is to that of the 
corresponding circle as a toe; and consequently the 
whole ellipsis, to the whole circle, in the same pro- 
portion. 

Fig. 1. Fig. % 




L T 




From a doe consideration of the two figures, and 
flie foresoing demonstrations, the following rule, for 
finding the area of an elliptical segment, is easily de- 
duced« 
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Oiven the height ef an elliptical segment j and the two 

diameters^ to find the area. 

KVLE. 

1. Sabtract tiie hei^t of the s^gment| from tiiat 
diameter of which it is a part ; maftiplj the remain- 
der bj the height of the segroeoty and twice the square 
root of the product will be the chord of a circular 
segment, having the same height. 

2. Find the area of this segment bjr rule 2f for cir« 
cular s^ments« 

S. Then, as that diameter, of which tiie height of 
the segment is a part* is to the other diameter ; so is 
the circular area, to the elliptical area. 
^ NoTB. If the chord of the elliptical segment also be 
given i then instead of the first part of the above 
rule, say, as that diameter to which the chord of the 
segment is parallel, is to the other diameter, so is the 
chord of the elliptical segment, to the chord of the 
circular segmenti and proceed as above. 



KXlAUPtBS. 

1. In an ellipsis, whose longer axi8''TS is 120, and 
shorter Nk 40, what is the area of a segment thereof, 
VTb, cut parallel to the shorter axis Nit^ the height of 
aT being U ? 

T8— Ta»Sa»dO $ this multiplied bjr Ta, 24, gives 
2504 ; twice the square root of which, i8»96, the 
chord BaBf of the circular segment BTB, whose area 
bjthe second rule for that purpose, will be found to 
be 1608. Then, as 120 : 40 ; or, as 3 to 1 :: 1608 : 536| 
the area of the elliptic segment bTb, 

NoTB If the chord bab had been given 32 ; BaB 
might have been found thus, as 40 : 120 :: 33 : 96. 

2. In an ellipsis whose longer axis TS is 120, and 
shorter Nil 40« what in the area of a segment thereof^ 
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BNB^ cut parallel to the longer axis, TS, the height aN 
being 4? 

Proceeding as before^ the chords hab^ of the circular 
segment VSh (Fig. 2. J will be found «s24, and its area 
=65^ ; therefore, as 40 : 120 ; or as 1 : 3 :: 65| : 196) (he 
area of the elliptic segment BNB. 

3. Required the area of an elleptical segment cot 
off by a chord or double ordinate, parallel to the short- 
er diameter, the height of the segment being 10, and 
the two diameters 35 and 25? Jns. 161.378. 

4. What is the area of an elliptical segment cut 
off bj a chord, parallel to the longer diameter, the 
height of the segment being $, and the two diameters 
35 and 25. Jns. 97.7083. 

6. What is the area of an elliptical segment cut 
off bj a chord, parallel to the shorter diameter, the 
hei^t being 80, and the two diameters 70 and 50 ? 

^ns. 647.515997. 

&iven the two diameterB of an EUipsis to find th$ eir- 

cumference. 

RULE I* 

Multiply the sum of the two diametera by 1.5703, 
and the product will be the circumference i near enough 
for most practical purposes. 



KULB 11 • 

To half the sum of the two diameters add the square 
root of half the sum of their squares ; multiply this 
last sum bj 1.5703, and the product will be the cir- 
cumference, extremely near. 



EXAMPLES. 

I. The two diameters of an ellipsis are 1^4 and 18^ 
what is the circamference ? 
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By rule 1 . 24+ 1 8«4 gtand 42 X 1 .6708 a«65.97j|6, 

(24+18 |24« + I8«\ 
[-^ I Xl.5708«66.S085, 
2 2 / 
the circumference of the ellipsis. 

2. What is the circamference of an ellipsis whose 
transverse is 50, and conjugate 40 yards. 

Jl«« $ 141. 372 by rule 1. 
.ans, ^ 141.3069948 hy rule 2. 
X The longer diameter of an ellipsis is 70^ and the 
shorter 50, what is the circumference ? 



j9»i! f^ 88,496 by rule 1. 
•*"*• 1189.796 by rule 2. 



To find the Area of an Elliptical Singf or the tpact- 
included between the Circumferences cf two eoncen^ 
trie and similar Ellipsis.^ 



BY7LB. 



Find the area of each ellipsis, and subtract the less 
from the greater, the remainder will be the area of 
the ring. Or, from the product of the two diameters 
of the greater ellipsis^ subtract the product of the two 
diameters of the less $ the remainder multiplied by 
#7854, will be the area of the ring. 

NoTB. This rule will also serve for a circular ring; 
for when the diameters of each ellipsis become equal, 
the square of the diameter of the greater circle, di- 
minished by the square of the diameter of the less, 
and the remainder multiplied by .7854 is the area of 
the circular ring : Or, multiply the sum of the diame- 



"^^ 



* It it here supposed, ihaX the di^rence bttween'thecoiyu* 

fate diameters is equal to the diffiereDce between the transTerse 
iameters ; but it is well knowOf that in this case, ^he elliptic 
arches will not be every where equidistant : The difference be- 
tween the semi-transverse or semi-conjugate diameters, beio|g^ 
the lettt distance tietwecn the arches. 



'^ 
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ters by their difference, and thit product into .7854 for 
the area of a circular ring. 



EXAMPLES. 



1 . The transverse diaine* 
ter AB of an ellipsis is 60, 
the conjugate CD 47 ; and 
the transverse diameter EF 
of another ellipsis, having 
the same centre O, is 45) 
aod the conjugate GH 32 : 
required the area of the 
anace contained between 
tneir circumferences* 




ABXCD«2830. 
EPxiiH=:l440. 

Their difference=si380. 

Multiplied bj .7854 

Oives the area of the ringsl083.852 

2. The ellipsis in Orosvenor'gquare measures 840 
links the longest way, and 612 the shortest, within the 
wall ; the wall is 14 inches thicki what quantity of 
ground does it inclosoi and how much does it stand 
upon? 

n 5 '^^^ ^^^' encloses 4 acres roods 6(X13 p. 
'^'^* £ And staads on J 95 6103 yards. 

3. A gentleman has an elleptical fountain in his gar- 
den whose greatest diameter is 30, and Itss 24 feet ; 
and has ordered a walk to be p^ved round it of 5 feet 
6 inches in width, with Furieck stone, at 4 shillings 
per 9quare yard, what will the expense be ? 

•^"** ^Expense I. U : 9$ : edj, 968. 
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4h The diameters of two concentric circles are t24 
and 18, what is the area of the space included be- 
tween their circamferences ? Jlns, 197.9208* 



§ XVI. To Jind the Area of a PjRJBOLAi 



B.ULE» 



Multiply the base or greatest double ordinate^ by 
the perpendicular height^ and two thirds of the pr^ 
duct will be the area. 



B^f -f 




BXAMPLSS* 



1. If the greatest double ordinate GH be 53.75, and 
the abscissa, or height of the parabola £F, be ^9.t5, 
what is the area? 

f of 53.75X39.25=1406.4583, the area of the pam- 
bola. 
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• 
Let the altitude EF be denoted by or, and the semi- 
erdinate FH^ by y^ then if a be the mtus rectum of the 
parabola, we have from the oatiire of the carve, a x 

as J* and ars8=— 5 hence or— > andyjr» the 

a a a 

fluxion of the area HEF; and its flaentss|K—- =|X 

a 
o^szlxBFxFH ; therefore the area of the whole 
parabola GEH, i8=|xGHxEP| or two thirds of the 
circumscribine parallelog;ram. 

Note. If the ordinate GH was not at right angles 
to the axis EF, still the included area would be ex* 
pressed by two thirds of the base, multiplied into the 
perpendicular height of the curve above said base or 
ordinate. 

Demonstration of the rule. Let FH, the ordi- 
nate, be divided into an infinite number of equal parts 
n, and suppose lines e /, parallel and equal to EF, to 
be drawn through each of these equal divisions. 
Then, by the nature of similar triangles, assuming 

12 3 n 

EF=sij ge will be equal to o, — | — +— j&c.«— to— 5 

n ft n ft 

and by a property of the parabola. 

(Emerson*s Conies. B. III. Prop. 70 

EFssef t ge :z ge : p e continuallyi viz. 

1 1 1 

n n n* 

2 24 

n n n^ 

3 3 9 n* 
1 :—::—: — &c.*-^«to — 

n tt »« n' 

N 
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Hence the srea of the space EKHAE will be ex* 

1 4 9 «• 

pressed by o+— +— +— ^fcc.— i— to— , but the sum 

ft* n« n« B^ 

of this series {Bmerion^s JiHthmetic of Injinites% Prop* 
d)=s^n. Now ihe area of the parallelogram EK'HY 
aFHxEFsftx 1 8it| and ft — ^n»fii. Hence the 
area of the semi-parabola is f of the area of its cil> 
camscribing paraUelogran. 

3. What is .the area of 4i parabola, ^hose height or 
abscissa is 10 ; and the base, ^r double ordinate, 16 ? 

Ms. 106|« 
3. Required the area of a parabola whose base, or 
double ordinatei is 38, and the heigh ty or abscissa, 12 ? 

Jtns, 304. 



CHAPTER II. 

The MENSusArioif of 8olid£» 

Solid bodies are such as consist of length, breadth, 
and thickness; as stone, timber, globes, bullets, &c« 

^ Table of CuHc-Jleasure* 

irSB cubic, or solid inches, make 1 solid foot. 
Sr ... - feet - - I - vard. 
166| - . . - yards - • l - pole. 
64000 - - . - poles - - 1 -• furlong. 
513 - . • - furlongs - 1 - mile. 

The least solid measure is a cubic inch, and aR 
solids are measured bj cubesi whoi^e sides are inches, 
ieel^ jards, &c. f and the solidity of a body is said 
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tb be so^tnanj cubic inches, feet, jards, &c. as will 
fill the same space as the solid^, or as the selid will 



contain. 



§ L Of a Cube. 

A cube is a solid, compreh^^nded under siz^ geome* 
trical squaresi and may be represented bj a.die« 

Ibjlhd the Solidity^ 

RULE. 

Multiply the. side of the cube into itself, and >tbat 
product again by the side ; the last product will be the 

soliditgr. 

BXAMPLBSr 

L Suppose ABCDEFQ to be a cubical piece of 
stone or timbery each side being 17^5 inchesi what is 
the solidity ? 




U 



^ 17:5Xir.5xl7.6as53S9 375 the m\\(\ content of the 

' cube in inches, which divided by 1738, gives $. 10149 

feet^ 
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Extend the compasfies from 1 to 17.5 ; that extent 
turned over twice from 17.5 will reach to 5359, the 
solid content in inches. Or, extend the compasHes from 
100 to 175, that extent, turned twice over will reach 
to 536, which TittiUipried by 10, gives 5360. Then ex- 
tend the compasses from ] 728 to 1; that extent, turn- 
ed the same waj, from 5359, will reach to 3.1 feet. 

Demonstration. If the square' 
ABCD be co^jceived to be moved down 
the plane ADKF, always remaining pa- 
rallel to itself, there will be generated, 
by such a motion, a solid, having six 
planes, the two opposite ones of which 
will be equal and parallel to each 
other ; whence it is called a parallelo- 
pipedon, or square prism. And if the plane ADEP 
be a square equal to the generating plane ABCD, 
then will the generated solid be a cube. From hence 
such solids mav be conceived to be constituted of aa 
infinite series of equal squares, each equal to the 
square ABCD ; and AB or DF will be the number of 
terms. Therefore, if the area of ABCD be multipli- 
ed into the number of terms AE, the product is the 
sum uf all the terms, and consequently, the solidity of 
the parrallelopipedon or cube. Or, if the base ABCD, 
be divided into little square areas, and the height AB 
be divided in a similar manner, you may conceive as 
many little cubes to be generated in the whole solid, as 
are equal to the number of the little areas of the base 
multiplied by the number of divisions which the side 
AE contains* 

From this demonstration it is very plain, that if 
you multiply the area of the base of any prism into 
Its leftgth or height, the product will be its solidity.—- 
Any solid figure, whose ends are parallel, equal,, and 
similar, and its sides are parallelogramsi is called ii 
IVisfii. 
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3. Whitt 18 the solidity of a cube, whose side is 19 
feet 4 inches ? 

Jtn$. 7225 feet 4 inches 5 parts 4 seconds. 

$• A cellar is to be dug, whose length, breadth, and 

depths are each 10 feet 4 inches; ^ow manj solid feet 

does it contain, and what will it cost digging, at 1 shil^ 

ling per solid yard ? 

a J The content is 1 1 OSf^ feet 
•""*• i Expense l.2:0i \0 ,^. 

4. How many three inch cubes may be cut out of a 
19 inch cube 2 JSins. 64. 



§ 11. Of a Parallelopipedon. 

A narallelopipedon is a solid having six rectangu- 
lar siaesf every opposite pair of which are equal and 
parallel. 

To find the SolidUy. 

HULK. 

Multiply the breadth by the depth, and that produet 
by the length* 

BXAMVLES. i 

f 

1« Let ABCDEF6 be a parallelonipedon, or square 
prism, representing a square piece of timber or stone, 
each Hide of its square bass ABCD being 21 inches 
and its length AB 15 feet, required its solidity* 




N9 
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First; then, multiply 21 by 2Kthe product is 441 » 
the area of the base in inches ; which multiply by 180, 
the length in inches, and the product is 7d3S9» the so* 
lid content in inches* Divide the last product by 
1728, and the quotient is 45.9|thatis, 45 solid feet 
and 9 tenths of a loot 

Or thus, by multiplying feet and inches* 
Multiply 1 foot 9 inches^ by I foot 9 inches, and ih% 
product is S feet inches 9 parts ; this muUipUed a^ 
gain by 15 feet, gives 45 feet 11 inches S parts* 

By 8caU and CompasHS. 

Eitend the compasses from 12 to 21 (the side of the- 
square) und that extent will reach to near 46 feet, be- 
ing twice turned over from 15 feet; so the solid con* 
tent is almost 46 feet. 

Note. When the breadth and depth of the solid 
are unequal, a mean proportional between them must 
be found, by dividing the space between them into two 
equal parts, for the aide of a mean square in inches f. 
then proceed as above. For, as 12 is to the side of a 
mean square in inches, so is the length in feet to a 
fourth nuiDber ; and so is this fourth number to the 
content in foot measnre, of any paralle'opipedon. 

2. If a piece of timber be 25 inches broad, 9 inches 
deep, and 25 feet long, bow manj solid feet arp con* 
tained therein } dtfns. 39 leet O inches 9 parts, 

3. If a piece of timber be 15 inches square at the 
end, and 1$. feet long^how many solid feet are con- 
lained in it ; and suppose I want to cutoff a solid foot 
fu 'Vr one end of it, at what distance from the end must 
I cut it? 

a (The solidity is 28.125 feet. 

* \ And 7.68 inches in length will make 1 foot; 

4. If a piece of sauared timber be 2 feet 9 inches 
lon^, 1 toot 7 inches oroad| and 16 teet 9 iocbe»4on|^ 



Mensuratim <^ Silida. tig 

b«w nut feet of timber are in thxt piece ; and how 
flrach in length wiH taake a solid Toot i 

(The solid content is 72.93 feet, or7Sfeetll 
^hs./ inches S parts 3 seconds; and 2.7A6 iochei 

I in length make 1 solid foot. 

$ III. Cfa Feism^ 
A prism i* a solid contuned nnder several planer 
afidhiTiDg ita baMs similar, equal, and parallel. 
To find the Solidity. 

Mnltii^/ the area of its base or eod, br the height 
•r leDCto> aoil the product will be the auiditj. 



1'. Let ABCDBF be a triangn^ 
lar prisnii each side of the base be- 
ini; 150 inches, tb'^ perpendidUar- 
Ca 13.31 inches, and the length: oC 
the solid 19.5 feet. Hnw manr 
•olid feet are contained therein i 

Moltiplr the per^ndicular of 
the triangle 13.51 by half the side 
7 8, and the product ts 105.378, 
thR area of the base ; which diuU- 
tiply by the jpn^h I if. 5, and die 

tr<>ductis'i05187l; which divide 
y 144, and t(],^ quotient is 14.37 
feet J'ere, Ihe solid content 
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By Scale ami CotnpasMt. 

Fint, find a mean proportio&al between the perpen* 
dicuUr and half siile. by dividing the space upon the 
lioe, between 13.51 and 7.S into two equal parts; so shall 
you find the middle point between them to be at 10-26, 
which is the mean proportional sonKht : bj this means 
the triangular solia is brought to a square obe, each 
aide being lO.ilS inches. Then extend the compasses 
from 12 t'l 0.26 ; that extent, turned twice downwards 
from 19.5, feet the lenitth, will at last fall apon 14,27» 
which is 14 feet and a little above a quarter. 

S Let ABCDEFGHIK 

represent a priijui, whose base 
is a hexagon, each aide be- 
ing 16 inches, the perpendi-' 
cutar from the centre of the 
base to the middle of one of 
the sides (oA) 13.34 inches, 
and the length of the prism 
15 feet : the solid content i> 
required. 

Multiply half the sum of 
the sides 43 by 13.84. and 
the product is 664 32, the 
area of the hexagonal base 
(by 5 VIII. p. 96 » which 
multiplied by 13 feet, the 
len^, the product is 9964 6| 
which divided by 144, tiie 
qaotient wilt be 69 3 fee^ 
VM solid coateat required. 
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Bif Scale and Compasses. 

First, find a mean proportional between the perpen- 
dicular, and half the sum of the sides ; that is divide 
the space between 13.84 and 48) and the middle point 
will be 25.77, the side of a square equal in area to 
the base of the solid. Then extend the compasses 
from 12 to 25.77 ; that extent will reach (being twice 
turned over) from 15 feet, the -lengthy to 69.2 feet, the 
content. 

To Jind the Superficial Content of anyFrism. 

RULE. 

Multiplj the circumference of the base by the length 
of the prism; the product will be the upright surface ; 
to which add the area of the bases ; the sum will be 
the whole superficial content 

EXAMPLES. 

In the hexagonal prism last mentioned, the sum of 
the sides, or circumference of the end, being 96, and 
the length 1 5 feet, that is, 1 80 inches ; which multi- 
plied by 96, the product is 17280 square inches ; to 
which add twice 664.32, the areas of the two ba^es, 
the sum is 18608.64, the area of the whole, which ia 
129.226 feet. 

1 Hfich side of the base of a triangular prism is 17 
inches, and the length 12 feet 5 inches ; what is the 
solidity and surface P 

a 5 The solidity 10.79 feet 
•*"*• i Surface 54.508» feet. 
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S. A hexagonal prism measores QB inches across tlte^ 
centre of the lend^i from corner to corner, and is 13# 
inches in length ; required the solidity and surface. 

j|»< 5 '^^^ solidity is S0.48B35 feet 
•■^* I Surface 85.2392 feet 

S. A decagonal prism, or pillar, measures 50 inches 
in circumference, and is 30 feet high ; .required the 
solidity and surface, 

J. ^ C The soHditv 40 074 feet 
•*"*• \ Surface 1 27 .67 i§ feet* 

4. The gallery of a church is supported by lO- octa- 
^nar prisms of wood, which measure each 48 inches- 
w circumference, and are each 12 feet high ; what will 
be the expense of painting them at 10. pence per 
square yard f tdns» L2 : 7$ :. 9|i 

5. A trapezoidkl prism of earth, or part of a canal, 
is to be dug, whose perpendicular depth is 10. yardap 
the width at the top 20yardv at the bottom 16, and 
the length 50 yards, the two ends being cut perpendi- 
cularly down $ how many solid yards of earth are con-^ 
tained in this part ? dns. 9000 y acds. 



§IV. Of ii FrRAttiDi 

A pyramid is a solid figure, the base of which is a 
polygon,, and its sides plaiii triangles, their seferall 
icertical angles meeting together in one point* 



JUensHntiott of Sotidti 
lb find the Salidtig. 



MnlHIilrths area of the baieby a third part of fhe 
^titude, or length ; and the product is the solid cod- 
■tent of the ovramid. 



■tent of the pyramid 



'BxAHFLz I. Let ABD be a 
i^aare pyramid, hiving each 
side of its base 18.5 inohes 
«nd the perpendicnlar height 
CD 15 feet, what is tba soli- 
dity? 

Muliiply 1B.S hy IS.5, and 
the pro<)uct ih 543.35, the area 
of (he base, in inchesi which 
multiply by 5, a third part of 
tiie hpight, and the product is 
1711.35; this divided by 1*4 
giv«8 tl.BS foet^ liie««mlcon> 



Vajbtd the SuperfleitU GmttiH. 



MultipTy ihe slant heiriit by half flie circamTerencc 
■of the. hasf, and the product will be the upright sur- 
face. — To which the area of the base may be addedi 
Ak- tlie wtade surface* 
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Note. This rule will serve for the surface of all 
pyramids. Perhaps it may be proper here to acquaiot 
the learner, that the slant height of any pyramid is 
not the height from one *of the eorners of the^se to 
the vertex or top, bnt from the middle of one side .of 
the base. And the perpendicular height of a pyramid^ 
is a line drawn from the vertex, to the middle or centre 
of the base ; hence it will be necessary to find the dis« 
tance between the centre of' the base of a pyramid^ 
and the middle of one of the sides.*— This distance 
may always be found by multiplying the tabular per** 
pendicular in section V. p. 84, by one of the sides 
of' the base ; then, if to the square of this number, 
you add the square of the perpendicular height of the 
pyramid, ttie square root of the sum will give the 
slant height. 

- EXAMPLES. 

1. Required the surface of the foregoing pyramid; 

To the square of the perpendicular height Da 15 
feet or ] 80 inches, add the square of (/e 9*25»the dis- 
tance from the centre e, of the base, to the middle d of 
one of the sides ; which, in a square base, is always 
equal to half the side. The square root of the sum, 
viz. S2485.5623 is 180.24 nearly, the slant height Dd. 
Now half the circumference of the base is 37, which 
nmltiplied by 180.24, gives 6608.88 inches for the up- 
right surface ; to which add 342.25 the area of the 
base, the sum is 7011.13 inches, the whole surface 
equal to 48.69 feet nearly. 

Demonstratiok of the avLB. Every pyramid is 
a third part of a prism, that has the same base and 
height (by Euclid, Xli. 7 . ) 

That is, the solid content of the pyramid ABD (in 
the last figure) is one third part of its circumscribine 
prism ABBF. Now the solidity of a prism is found 
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bj multiplTing the area of the base into the height ; 
therefore the Bolidity of a pjramid will he found hy 
muttipijing the area of the hase bj the height, and 
taking one third of the product You maj very easily 
prove a triaDslular pyramid to be a third part of a 
prism of equal base and altitudei mechanically, bv 
maktDg a trianpilar prism of corlci and then cutting 
that prism into three Pyramids, in i diagonal direc- 
tion. 

S. Let ABCD be a triangu- 
lar pyramid, each side of the 
base being '2i.5 inches, and its 
perpendicular heieht 16 feet; 
required the soliaity and sur- 
face. 

First the area of the base, 
bysect, V. is 200. 19896 inches; 
vhich multiplied by 6i, the 
third part of the height in 
iDch.-S, gives 13813.73344 inch- 
es, the solidity, equal to7 il477 
feet Again, the distance from 
the centre of the trianele ABC 
to the middle of one of the aides, 
udia the side AC, is S.30652 ; 
to the square of this number, 
which is 38.520890J104, add 
the square of the heiglit 36804 
Inches, the squsre root of 
&e sum 36902.3208905104. is 
192.10028 inches, the slant „ 

height dD. Hence the upright 

BUrface is 6196.33403 inches, and the whole SuHkce 
6395.UW9 inches, or 44.41373 feeU 

O 
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S. Let ABCDEFGH be a 
pjrramidi whose base isaliep- 
4a<(<in. uach side of it being IS 
anchea, and the perpendicular 
height of the pyramid, HI, 
13.5 feet ; required the SoUditj 
and HuperGciea. 

First, 15 multiplied by 
1.0382617, the tabular perpen- 
dicular for a heptagon (sect 
Vm.) gives 15.5739355 inches, 
the distance from the centre I 
to tiie middle of the side AB ; 
this multiplied by 52 5, half 
the sum of the sides of the 
base, gives 817.63108875 inch- 
es, the area of the base. Tliia 
last number multiplied by 4.5, 
one third of the height, and 
divided by 144. will give25.s5 
feet, the solidity, — Again, if to 
the square of 15.5739255, you 
add the square of the height 
in inches, the square root of uie 

sum 2«4SS.547J5S48 win be 162.74688. the slant heisibt 
of t\ue pyramid; this multiplied by 52.5 gives BSii.iWZ 
inches, the upright surface, to which add thp arf^a of 
the base, and the wh«le surface will be 9361.84228675 
inches^ or 65.0128 feet. 

By Scale and Comjmssa, 

First, find a mean proportional between 15.57 and 

53.5, by dividing the space between them into two 
t-qual parts, and you will find the middle point to be 

28. 6, the side of a square equal in area to the base of 
the pyramid; then extend ^e comnasses from 12 to 
28.6, that estent will reacH from 4.5 (twice turned 
over) to 25.55 feet, the solid content. Or, extend the 
compasses from 1 to the area q( tbe base, Uiat extent 
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wilt reach from one third of the height to the solidity $ 
the dimensions being all of the same name; 

4. There is a triangular pyramidy^ the sides of its 
base are VSy U, and 15 feet, and itl» altitude 63 feet, 
what is the solidity ? Jins. 1764 feet 

5. Each side of the base of a, hexagonal pyramid is 
10, and the perpendicular height 43) what is the soli- 
dity and superficies ? 

^„ CSolidity 3897.1143 feet. 
•*"*•? Superficies 1634 580328 feet 

6. Required the solidity and surface of a square py- 
paaiid, each side of the base being 3*feet) and the per- 
pendicular height 24 feet 

. I Solidity 72 feet. 
"^^ I Surface 153.2808 feet. 

7. A square pyramidal^ stone, whose slant height is 
21 feet, and each side of its square base 30 inches, is 
to be sold at 7s per soUd foot ; and the polishing of 
the upright surface will cost 8d. per fbot } what will 
be the expense of the stone when finished' F 

Jin9.l.\%t 1 5s. :8|d. 

8. The spire of a church is an octagonal pyramid 
(built of stone) each side of the base being 5 feet 10 
inches^ and its. perpendicular height 45 feet ; also each 
side of the cavity, or hollow partr at the base is 4 feet 
]ri inches, and its perpendicular height 41 feet ; I de* 
sire to know how many solid yards of stone the spire 
contains ? 

r Solidity of the whole 2464.509614 feet; 
JinsA The cavity 1595.180393 feet. 

(^ And the stone-work 32. 1 9738 yardil^ 



§j V. Of a CriiNDBm 

A cylinder is a solid, having its bases eirculari equa*. 
and parallel) in form of a rolling stone; 
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To find the Solidity. 

BULK. 

Multiply the area of the base by the length, and the 
product H the solid content. 



1. Let ABC be a cvlinder, 
whose diameter A B 18 81 5 inch- 
es, and the length CD is 16 feet, 
the solid content la required. 

First, square the diametf r 
2I.S, and it mak«s 463.25 j 
whiqh multiply hv .765*. and 
the prodoct U 363.051 15 ; then 
multiply this by 16, and the 
product is 5S08.8IS4. Divide 
this last product by lU, and 
the quotient is 4U.339 feet, the 
selid content. 



By Scale and Compasses. 

Extend the compasses from 13.54 to 21.5, the dia- 
neter, that extent {turned twice over from 16, the 
length] will at last fall upon 4a S^, the tolid content. 

Note. 13.54 is the diameter of a circle whose area 
is 14* inches ; abd as 43.54 is to the diameter of any 
cylinder's base in inches, so is the length of that cy- 
linder, in feet, to a fourth namher; and bo is this 
fourth number, to the solid content of the cvlinder in 
feet. 

When the circumference is ^ven in inches, and the 
length in feet, extend from 42 54 to the circumf''rence 
of the cylinder, that extent will reach from the length. 
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turned twice overt to the content in feet For, «s 4r?.54 
is to the circamference of any cylinder^ in inches, so 
is the length of that cylinder in feet to a fourth num- 
ber ; and so is this fourth number to the solidity of 
the cylinder in feet. 

42.54 is the circumference of a circle whose area 
is 144. 

To find th% Superficial Contents 

First, (by chap. !• sect IX. prob. I,) find the rircum* 
ference of the base 67.34, which multiplied by 15, the 
product is tOdO.(H i and this diyided by 12, the quo- 
tient is 90.05 feet, the upright surface ; to which add 
5.04 feet, th ^ sum of the areas of the two bases, and 
the sum is 95.09 feet, the whole superficial content. 

S. If a piece of timber be 96 inches in circnmfe-^ 
rence, and 18 feet long, how many feet of timber are 
contained in it, supposing it to be perfectly cylindri- 
caU wSns. 91 676 feet* 

S. If a piece of timber, perfectly cylindrical, be 86 
Inches in circumference, and 20 feet long ; how many 
solid feet are contained therein ? Jins. 81.74634 f/et 

4. The diameter of the base of a cylinder is 2(75 
inches, and its length 4 feet 7 inches; what is its so- 
lidity and surface I ^ 5 ^o^i^itj 10.7653 feet.t 

'^'^* I Surface 29.595 feet 

5. I have a rolling stone, 44 inches in circumfe- 
rence, and am to cut oiF 3 cubic feet from one end^ 
whereabouts must the section be made ?- 

Aw» At 3^64 inches^ 

6. A person bespoke an irop roller for a gardeu> the 
outside diameter to be 30 inches, the thickness ot the 
metal l^ inch, anti length of the roller 50 inches f 
BOW supposing every <eubio inch to weigh 4^ ounces^ 
irhai will the whole coiae to at 3^ per p(Atnd I 

f S<»lidity 4.^58.91 inehet. 
4ns. { Weight 1157.6514 DOttll^ 
t Cost 1. 15: 13s. :7d» 

. 02 
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§VL OfaCoss. 

A cone is a solidi having a circolar base^ and gro^* 
ing proportionably smaller, till it ends in a point, 
called the vertex, and maj be nearly representea by a 
sugar loaf. 

To find the Solidity. 



RULE. 



Multiply the area of the base by a third part of the 
perpendicular height^ and the product is the solid con- 
tent. 



EXAMPLES. 

1. Let ABC be a cone, the di- 
ameter of whose base AB is 26»M 
inches and the height DC 1^,5 
feet : required the solidity. 

First, square the diameter 26 5, 
and it is 702 25 ; this multiplied 
by .7854 gives 551.54715 inches, 
the area of the base j which mul- 
tiplied by 6.5, one third of the 
height, gives 3033.509S£5 ; this 
divided by 144 gives i21.066 feety 
ibe solid content. 




^ By 8eak and Compasses. 

Extend the compasses from 13.54 to 26.5, thediame* 
ter, that extent turned twice over from 5.5 (a third 
part of the hei<rht,) it will at last fall upon 21. 06 feet, 
the content*"— *See the remark en the Q|imber lSt549 in 
Section V. 
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To find the Superficial Content, 

The rule given in sect. iV. for findhig the superficies 
of a pyramid) will serve to find the superficies ora cone.' 

First, find the slant height thus t To the square of 
the radius, 13. 5» which is 175.5621, add the square of 
the height in inches, 39204, the square root of the 
sum,. 39379.5625, isl9d.4428, the slant height. The 
cadius of the base« 13.25, multiplied by 3.1416 gives half 
the circumference of the base 41.6262, and this pro- 
duct multiplied by the slant height^ gives 8S60.41968136 
for the uprightt or convex, surface ; to which add the 
area ofthe base 551.547 15, and the sum is 8811,96685136 
inches, the whole surface, equal to 61.194 feet. 

DKMONSTnATXoK. Every cone is the third part of 
m cvlinderof equal base and altitude (by Euclia, XIU 
10.) TJie truth of this may easily be conceived, by 
enly considering, that a cone is but a round pyramid ; 
and therefore it must needs have the same ratio to its 
circumscribiug cylinder, as a. multangular pyramid 
hath to its drcumscribing prism,,, t^i^;. as 1 to 3v For, 
the base of the multangular pyramid may consist of 
such a number of sides, that the difference between its 
circumference^ and that of the circle, will be less thaa 
any assignable magnitude. 

The curve superficies of every right cone, is equal 
to half the rectangle of the circumference of its base 
into the length of its side* 

For the curve 
sur&ce of every 
right cone is e- 
qual to. the sec-* 
tor of a. circle, 
whose arch BC is 
equal to the peri- 
phery of the base 
of the cone, and 
• radius A.B equal 
to the slant side of 
the eone $ whi^ 
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ivill appear yerj evidenti if jrou cat a piece of papers 
in the torm of a sector of a circlet as ABC, and bend 
the side9 AB and AC together, till thej meetf and yott 
will find it to form a right cone^ . 

I have omitted the demonstrations of the superfi* 
cies of all the foregoing solids^ because I thought it 
needless, the^ being all cotnposed of squares, paral- 
lelograms, triangles, &c. which figures are all demon- 
strated before. And if the area of all such figures as 
compose the surface of the solid, be found separatelj». 
anil added together, the sum will be the superficial 
content of the solid. 

3. The diameter of the base of a cone is 10^ and 
its perpendicular height 6b. 1 ; required the soliditj 
and superficies. ^ C Solidity 1782.858 

•""*• I Superficies 1 151.13407^. 

$• What is the soliditj of an elliptical oone, the 

greater diameter of its base being 15 Qy the less lO^ 

and the perpendicular height 22 i dns. 875.4592. 

4. What is the solidity and superficies of a cone, 
w^ose perpendicular height is 10.5 feet, and the cir- 
cumference of its base 9 feet f 

Jinc S Solidity 22^6093 feet. 
• •*"*• I Superficies 54. 1 336 feet. 

5. What is the solidity and superficies of a cone,, 
whjose slant height is ^2 fi&et, and tbe circumference oT 
its base 24 feet ? 

Jl«c 5 Solidity 485. 44333 1 6 feet. 
•""^- I Surface 429.83804 feet. 

6. What will the paititing of a conical church spire 
come to at 8(1. per yard ; supposing the circumference 
of die base to be 64 feet^ and the perpendicular height 
118 feet? 



- 5 Superficies 3789.76 feet. 
•^"^ I Expense 1 14 ; O9. : 8|d. 
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§ VIF. Of the frustum of a Ptrammd. 

A frustum of a pyramid is the remaining part, when 
the top ia cat off by a plane parallel to the base. 

To find the Solidity. 

GENEKAt BULB* 

Multiply the areas of the two bases together^ and to 
the square root ef the product add the two areas; 
that sum, multiplied by one third of the height^ giyea 
the sol\^ity of any frustrum. 

HVLB n; 

If the Banes he Squares^ 

To the 1'ectangle (or product) of the sides of the two 
bases add the sum oF their squares ; that sum^ beine 
multiplied into one-third part toe frustum's height> wiu 
give its solidity. 

RVLE III. 

If th€ Bases be Cirdes» 

To the product of the diameters of the two bases 
add the sum of their squares ; this sum, multiplied by 
the height, and then by .2618} or one«third of .7334^ 
the last product will be the solidity. 

RULE IV. 

If the Bases be regular Polygons. 

Add the square of a side of each end of ttup frus- 
tumi and the product of those sides into one sum ; 
multiply this sum by one-third of the tabular area he 
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longing to the poljgnn (sect. VII. p. 99,) and this- ^n^ 
duct b; the height, for the Eoliditj;. 



I Let ABCD he the frus- 
tum of a square pyramid, 
each side of the gre&ter base 
18 inches, each side of the 
less 13 inches, and the height 
1-8 feet } the solidity is re- 
quired. 

BT TBB OEHBRIIi:. ROLE, 

The square of 18 is 324, 
and the square of 12 is 144; 
ftlso the proiluct of these two 
•quares is46636, the square 
Eoot of which iH 3 1 6, a meas 
yea. 

Area of the greater 
haae - - . • 324 

Area of the less bate 144 

Mean area - - - SIS' 

Sum - 6l)4whiclimalttp1ied byO, one 
tiiird of the hei;^ht, gives 4104] this divided, bj I44> 
g^es tft.5 feet ^e soliditjr. 



Product of the sides of the bases 1 8 and 13iB 21<t 

Square of the greater side 18 is • • - . • 324 
Squaregf the lessside l2 is - - - - 144 



Then {troceed as above. 
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To find tiw Superficial Content. 

RULE. 

Itfultiplj kair the sum of the perimeters ef the tw« 
'leases by the slant height, and to that (product add the 
areas of the two bases for the whole superficies. 

J^OTE. The slant height of any frustum, whose ends 
are regular polygons, is a line drawn from the middle 
t>f one side of the less end, to the middle of its paral- 
lei side at the greater end. And, the perpendicular 
height, is a line drawn from the centre of the less etid, 
to the centre of the mater; or it is a perpendicular 
let fall from the middle of one of the sides of the less 
end, upon the surface of the greater ^end. Hence the 
slant height^ and perpendicular height, will be two 
sides of a right aneled triangle ; the base of wliich 
will be $qual to the difference between the radii of the 
inscribed circles of the two ends of the frustum. And 
this base may always be found* by multiplying the dif« 
ference between a side at each end of the frustum, bj 
the tabular perpendicular in section VIIL p. 100. The 
perpendicular height of the pyramid of which any 
frustum is a part, may readily be foand, by saying, as 
the base found above, is to the perpendicular height 
ef the frustum ; so is the radius of the inscribed cir- 
cle of the frustum's base, to the perpendicular height 
of the pyramid. The radius of the inscribed circle 
Is found by nsultiplying a side of the baae^ by the ta- 
bular perpendicular, section Vill. 

Examples. Required the superficies of the foregoing 
frustum. 

The perimeter of the greater base 72 inches. 

The perimeter of the kss base is 4>8 inches* 

Sum • • 120 
Half sum - • ^ 
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From 18, a lide of the greater end, take 12, aside 
of the lees; the difference 6, roDltipUed hj (he, tabular 
perpendicular .5, givea 3, The perpendicular height 
of the fniRtnm in inches ia 218 : to the square of 210, 
which is 46658, add the square of 3, which is 9, the 
square root of the sum 4S65S i« 216.02083 inches, the 
slant height, which multiplied h; 60 gives 12961. 34.99 
inches. To this product add the areas of the two ends 
324, and )44. and the whole surface will be 13429.2498 
inches, or S3 2586 feet. 

Example 2. Let ABCD be 
the frustum of a triangular py- 
ramid, each aide of the greater 
base 25 inches, eacli side of the 
less base 9 inches, and the length 
Ijfeet; the solid content of it 
is requited. 



'625 



The square of 25 is 

The square of 9 is oi 

Product of 85 and 9 is 225 

Sum 931 

The tabular area is .433015, 
one-third of which is .1443377, ^ 
^is multiplied bj&Sl, and ii»!B 

bj 15, produces 2015.6799805. which divided b; 144, 
the quotient is 13.9917 feet, ti>e soliditj. 

OR TBOS, BT THE QEHSRAL RULE. 

The square of 25, mvltiplicd by the tabniar area, 
(sectinn Vlli.) gives the area uf the greater base 
270.633125: in a similar manner the area of the less 
base Mill be found to bt 35.07405; the square root of . 
the product of thoK twoareaa »492.20O$69SO5US is 
01.437925. 



Mensuration of Solids. 157' 

Area of the greater base - » - 270. 633 1 25 
Areaff the less base - - - - 35.074053 
Mean proportional between them - 27.427925 

Sum - - 403.135103 

which multiplied by 5, one third of the heigbti and di* 
vided by 144, gives 13.9977 feet, the solidity as be- 
fore, * 



To find the Superficial Content 



The 7)etrmeter of the greater base is 75 inches. 
The perimeter of the less base is - 27 inches. 




Sam 
Half sum 



From 25, a side of the greater end, take 9, a side of 
the less, the difference 16, multiplied by^the tabular 
perpendicular .2886751, gives 4.6188016.— The per- 
pendicular height of the frustum in inches^ is 180 ; 
to the square ot 180, which is 3^400, add the square of 
4.6188016, which is 21.33332822, is 1 80.0592 inches, 
the slant height ; which multiplied by 51 gives 
9183.0192 inches. To this product add the areas of 
the two ends 270.633125, and 35.074053, and the whole 
surface will be 9488.726378 inches, or 65.893933 feet. 
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ExAHFLX 3. Sup- 
pose ABCD to be the 
frustum ©f a pyramid, 
having an octagonal 
base, each side of it 
being 9 inchest each 
side of the less base 
5 incheVf and the 
length, or heiitht. 10.5 
feet; the solidity ia 
required. 

BT RULE 4. 

The square of 9 is 81 

The square of 5 is S5 
Product of 5 and 

g is - - • 45 

Sum - 151 

Tabular area is 4.eZ84S7, one third of which is 
I.609i759 t this multiplied by 151, and then hy 10.5, 
produces S951.S235638. which divided by 1.44, the qno- - 
tient, is 17.721 feet, the solidity. 

Tojind tke Btiperficial Content, 



The perimeter of the greater base is 
The perimeter of the less base is 



From 9, a side of the greater base or end, take-5, a 
side of the less, the remainder 4 I'lultiplied hy the tabu- 
lar perpendicular I.207IO68, gives 4.828+272. The 
perpendicular heigitt of the frustum in inches is 126; 
to the square of 12fi, which is 15870, add the square oi 
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4.8284^72, which is 23 3157092257, the square root ef 
the suih 15899.3137092257, is 185.09248, the slant 
height; which multiplied bj 56 gives 7061.17888 inch- 
es. To this product add the areas of the two ends, 
391.102587, and 120.710675 (found by rule 2, section 
yill.)and the whole surface will be 7572.992142 in- 
ches, or 5:2.590223 feet. 

DEMONSTRATION. FroRi the rules delivered in the 
IVth and Vlth sections^ the preceding rules may east- 
Ij be demonstrated. 

Suppose a pyramid ABV, to be 
cut by a plane at a6, parallel to 
its base AB, and it were required 
to find the solidity of the frustHm« 
or part Aa6B. 

Let DsAB, a line, or diameter 
of the greater base 
^»B^, a similar line of the 

less base. 
As PC, the height of the frus- 
tum. 
Aaearea of the greater base, 
iissarea of the less. 

AP— aC : PC : : aC : CV, by similar triangles 
D d d hd ^ 

viz.— - — : A : : — : ~CV. 

2 2 D-^ 

hd hO 

but pc+CV=::fc+ ^z:— =PV 

D— rf D— <l 

hd a 

— — X — asssolidity of the pyramid nJV. 
D— e^ 3 . 

A— D A 

— — X— ZZsolidity of the pyramid ABV. 
B^d 3 
hD A hd a AU^^d k 

Hence x— — x— « x— the solidiT 

D— rf 3 D— d 3 D^d 3 
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ty of the frustum ABab, Novr all similar figures are 
to each other as lh« squares of their homologous sides. 
(Euclid Xly and 19th and 2Qtl^ ; also XII. and 2dO 

A a 
Therefore A : a : : D* : d^ or— 'c=s— put each of these 

equal to m ; then AamD* and a=smd^j and moltiplj- 
^ig these q uant ities together, we get aA=s»i*D*rf€, con- 
sequently ^aAssmDd. For A and a substitute their 
Taluks in the expression for the frustum's solidity* and it 
mD^—md^h D^— d^ h 

becomes X— «— — — >^r-X m»D*+Dflr+rf* ; 

D*«-i 3 Dd S 

h h 

X— xifiaesmD* +mDd+md* x— ; restore' the values^ 

3 S 

of A and ai &c. and the rule becomes A+^/aA+a; 

X— which is the^eyi^raZ rule. 
3 

Corollary 1. If the bases be sqiiaresi of which D and 

h 

dhte eachasidef then D^+Dof+d^ ; X-^is the soK- 

3 

dity and ia the second rule. 

Cor. 2. If the bases be circles, of which D and d 
are diametij^rs then D^+Dd+d* ; x^X .2618 is the 
solidity, which is the third rule.. 

Cor» 3. If the bases be regular polygons, and t re- 
present the tabular number in section VIII. also 
D and d represent a side of each base, the rule^be- 

comes h^xt+x/DHxd^t+d^t y X— =D^+Drf+(fa . 

3 
t 
X — xA, tjic solidity, which is rule 4. 
3 



I 
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That the rule for finding the superficiefl of a frus- 
tum is true» will readily appear) when we consider 
that if the ends be regular poljgons» the sides will 
consist of as many trapezoids as there are sides in the 
polygon ; and the common height of these trapezoids 
will be the slant height of the frustum ; and the sum of 
their parallel sides, the sum of the perimeters of the ends^ 

But when the bases are circles, the i^ , ^_y^ 
rule is not so obyious. It is shewn in 
sectioft VI. that the curve superficies of 
a right cone ia equal to the rectangle of 
half the circumference of the baset into 
the length of the slant side ; vix. that it 
is equal to the area of the sector of a^ 
circlet whose arch is equal to the circum^ 
ference of the base, and radius equal t^ 
the slant side of the cone* 

Let DKsm^y the circumference of the creat base, 
andBCsp, the circumference of the less oase of the 
frustum ; AD the slant heightatS, now, because simi- 
lar arches of circle? are as their radii. I*:' . 

Dfi :BC :;AD : AB 

Sp 

yiz. B : p. : : S : — • 

P 

^ P— p 

Hence B D— »A D— AB^S =: — xS 

p p 

PS 
The area of the sector AD E:= — , and^ 

2 
P Sp Sp* 
The area of sector A B C:^— x— ^— — 

2 P 2P 
Also ADE— ABCnrcurve surface of the frustum. 
PS Sp' PS'— p^S P'--p' P4 p 

BDECzz — « — » xS« 1 . 

2 2P 2P 2P 2 

P— p 
X— — xS, which is &e rule, 

P P 2 
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Note. From the foregoing demoDstration we haye the 
following rule for finding the area of a segment of a 
sector B D E C» or the front of a circular arch> built 
with stones of equal length. z 

RULE, 

Multiply half the sum of the bounding arches (DE 
and BC) by their distance (BD), and the product will 
give the area. 

Example. 4». If each side of the greater end of a 

{»ieceof squared timber be 25 inches, each side of the 
ess end 9 inches, and the length 20 feet ; how many 
solid feet are contained in it ? 

Jins. By rule 3, 43.1018 feet 

5. If a piece of timber be 32 inches broad, and 20 

inches deep, at the greater end ; and 10 inches broad, 

and inches deep, at the less end ; how many solid 

feet are contained therein, the length being 18 feet? 

Jins. By the general nilef 37.3316 feeL 
0. A portico is supported by four pillars of marble^ 
each having eight equal sides, whose breadth at the 
greater ena is 7.5 inches, and at the less end 4^ inches^ 
and their length It feet 9 inches; I desire to know 
how many soud feet they contain, and what they will 
come to at 12s. lOd. per solid foot ?' 

^ 5 Solidity 60.52927823 feet. 
•^'** I Expense L 38 : 16s. ; Hd. 

7. In a frustum of a square pyramid,, each side of 
the greater end is 5 feet, each side of the less end 
3 feet and the heights feet; required the height and 
solidity of that pyramid of which this frustum is a 
part ? /I- 5 '^^^ height is 20 feet, see p. 143. 

•^"** I The solidity 166| feet 

8. If each side of the greater base of the frustum of 
a he»igonal pyramid be 13, each side of the less base 
8, and the length 24^ what is the solidity and superfi- 
cies ? a S Solidity 7004.4 1 2896. 

•*'**• iSuperfides 2l4i^642, 
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§ Vin. Of Giefrusttm of a Cose. 

A fraBtum of & cone, is that part which remains whea 
the top end ii cut off by a plaoe parallel to the base. 
The solidity mav be found either by the generat rule, ■ 
. or rules, of the 'preceding section, 'The superficies 
may aUo be found by the rule given in that section. 

XXAUPLE3. 

1. Let ABCD be the fnis- 
tum of a cone, vthose greater 
diameter C11 is 1$- inches, 
the less diameter AB 9 in- 
chesj and the length U.35 
feet ; the solid content is re- 
quired. 

BY THE GZNERAL RVLR. 

The square of 18 is 334, 
which multiplied by .?B5* 
givea 254.1696 inches, ares 
of the greater base. The _ 
square of S is 81, which ^ 
multiplied by .7654 gives 
63.0174, ares of the kss 
base. 



The square root of the product of titese areas 
l6l8S.6M33104is 127.2348. 

Area of the greater base - - . 25+ 46S6 
Area of the less base, - - . 63 6174- 

Mean proportional .... 127.23+8 

Sam 445J2>3 
This mnltinlied by 4.75, one third of the heii^ht, 
MVP.!' 21IS 27655, wWh divide by 144, ud the quo- 
tient is 14.66943 feet, the 8o)idit;< 
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Note. The diameter of the less base being exact- 
ly half that of the greater, in this example) the ope- 
ration might have been performed shorter : for the area 
of the less base in such cases is one fourth of that of 
the greater, and the mean area double that of the lessr 
base;^ or half thatu)f the greater. 

Oft THUS| BY RULE 5. 

The square of 18 (the greater diameter) is 524, and 
the square of 9 (the less diameter) is 81, and the rec- 
tangle, or the product of 18 by 9, is 162, the sum of 
these three 1s 557, which multiplied by the height 
14.25~feet> gives 80(r9075 ; which multiplied by .26l8y 
^nd divided by liA, gives 14.68943 feet as before. 

Tofinji the Superficial Content. * 

The- circumference of the greater base, by 

Chap. L section IX. is 56.5488 

And the circumference of the less base is 28.2744 



Sum 84.8232 
Half sum 42.4116 



To the square of 4^5| the difference between the ra- 
dii of the two bases, add the square of 171, the per- 
pendicular lieight in inches ; the square root of the 
sum 29 261.27, is 171.0592 inches, the slant height; 
which multiplied by 42.4116 produces 7254.8943667:?, 
to which add the sum of the areas of the two ei^ds» 
and tho^ whole superficies will be 7572.98136672 inches, 
or 52.59 feet. /• 

2. If a piece of timber be 9 inches itf diameter at 
the less end, 36 inches, at the greater end, and 24 feet 
IdDg I how many solid feet are contained therein } 

Jins. 74.2203 feet. 

9* If a piece of timber be 136 inches in circumf^r* 
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ence at one end, 32 inches at the pther, and 21 feet 
loDsc ; bow mahj solid feet are contained therein P 
** dns. 95.a*816feet 



§1X. Of a Wedge. ^ 

A wedge is a solid, having a right angled parallel- 
ogram for its^ base, and two of its sides meeting, in an 
edge. 

To find the Solidity. 

RULE» 

•To twice the length of the base add the length of 
the edge, multiply Qie sum by the breadth of the base, 
and that product by the perpendicular height of the 
wedge ; and. one-sixth of the last product will be the 
solidity. 

BXAMFLES. 

1. The perpendicular height 01, of a wedge is 24»8 
inches: the length CK of the edge, ilO inches; the 
length AE of the base 70, and its breadth AB SO inch, 
es 5 what is the solidity ? 

70 length of the base AB. 

2 
,. 750O 

140 24.8 perp. or. 

1 iO length of the edge CK. ' 

, ' ■ 60000 

250 sum. 3000O 

30 breadth of the base. 1 5000 



7500 product. 6)1860000 

31000 inches ; which 

divided by 1728 ^cs 17.9398 feet, the solidity. 



lad 
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2. Required the soliditj of a wed^e, whose altitade 
18 14 inches, its edge 21 inches, and the length and 
breadth of its base 32 and 4.5 inches ? 

^ns. 892^ inches. 

S. Required the solidity of a wedge, whose altitude 
is 2 feet 4 inches, lena;th of the edge 3 feet 6 incheSy 
length of the base 5 feet 4 inches, and breadth 9 inch- 
es P .^Aj;. 4.131944, &c« feeti 



DEMONSTRATION OF THfi RULE. 




Let ABCDEF represent a 
'wedge : now when the length 
of the edge CD is equal to the 
length A£ of the base ABF 
E, the wed^e is evidently 
equal to halt a parallelopipe- 
don ABGCHDBF, having 
the same base and altitude as 
the wedge ; and this will al- 
ways he true, whether the end ABC of the wedge be 
perpendicular to its base ABFE, or inclioed as ABI, 
since parallelopipedons standing on the same base and 
between the same parallels are equal to each other 
(Euclid. XI. and £9.) But when the edge CD of the 
wedge is longer or shorter than the base, by any quanti- 
ty DK or CI, it is evident that the wedge will be great- 
er or less than the half parallelopipedon aforesaid, bj 
a pyramid whose base is £FD, or ABC, and perpendic- 
ular altitude DK. or CI. Let the .length AE of the base 
of the wedge be represented by L, and the breadth AB 
by B ; call the length of the edge {, and the per- 
pendicular height AC, aC or 01, A. Then, the so- 

BL 
lidity of the wedge will be expressed by xh or 

BA BLA , 2 

xLss:^— I when the edge is of the same length 



2 



2 



JT' 



'• ♦ • 
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as the base : The solidity of the pyramid AfiCI will 

Bh L— Z 
be expressed bj——x— when the length 10 of the 

2 3 

edge is less than that of the base; and the solidity of 

BA ^L 
the pyramid EFDK will be expressed by— x— — 

• 2 3 

when the length of the edge 6K is greater thaii that 

Bhh Bh /—L 2h+l 

of the base. Hence,— ;H x = xBh, 

2 2 5 6 

BU Bh L-4 2L+/ 

;— — X = xBA, the rule when the 

2 2 3 6 

edge is shorter than the base. 



§ X. Of a Prismoid. 

A prismoid is a solid somewhat resembling a prism ; 
its bases are right angled parol lelograms, and parallel 
to each other, though not similar^ and its sides lour 
plain trapezoidal surfaces. 

To find the Solidity. 

RULR. 

^ To the greater length add half the less lenfi;th, mul* 
tiply the sum by the breadth of the greater base, and 
reserve the product. 

Then, to the less length, add half the greater length 
iQultiply the sum by the breadth of the . tess baae» and 
add this product to the other product reserred } multi- 
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ply the sum b; a third part of the height, and the 
.product-ia the solid content. 



EXAMPI.KB. 

1. Let ABCDBFGH be a prigmoid ^ven, the length 
of the greater base AB 38 inches, and its breadth AC 
16 inches; and the length of th^ leas ba§e EF 30 
inches, and its breadth 12 inches, and the height 6 
feet ; the solid content is required, 

To the greater length AB 33, add half EP the less 
length 15, the sum is 53 ; which multiplied by IS, the 
greater breadth, the product is R48 ; which reserve. 

Again, to EF 30. add half AB 19, and the sum is 
49 ; which multiplied bj 12 (the less breadth EG) the 
product is 58B } to which add 848 (the reserved pro- 
duct.) and the sum is 1496; which multiply by 3, (a 
third part of the height,) and the product is 2872 ; 
divide this product by 144, and the quotient is 19.94 
feet, the solid content. 

Si One end of a prismoid Li a square, each side of 
which is 13) the other a right angled parallelogram. 
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*%¥ hose length is 12 and breadth 5 ; what is the soliditr> 
the perpendicular height being 30 ? .ins, 236S|« 

d. In the neighboarho<»d of Newcastle^ and in the 
county of Durham^ &c. the coals are carried (torn the 
mines in a kind of wagon, in the tbrm of a prismoid. 
The length at the top is generally about 6 feet 9} inch* 
. eS) and breadth 4 feet 7 inches ; at the bottom the 
length is 3 feet 5 inches, and breatlth ^ feet 6{ inches ; 
and the perpendicular depth 3 feet 1^ inches. Requir- 
ed the soliditr* 

Jlns. l£d?40.5§d7S cubic inches, or 73.11376 feet. 

4. How many gallons of water, reckoning 232 cubic 
inches to a gallon, are contained in a canal 304 feet. 
hy 20 at top) 300 feet by 16 at bottom, and 5 feet deep I 

Jins. 166590.6383 gallons. 



9E1I0K8TRATI0K OV THE RULE* 



The prismoid is evidently compassed of two wedges 
whose bases are equal to the bases of the prismoid, 
and their height equal to the height of the prismoid. 
Let L equal tne length of the greater base AB, which 
Y>f course will be "n^e length of the edge of the less 
wedge ; I equal the length of the less base £F, or the 
edge of the greater wedge : B the breadth of the great- 
er base AC, 6 the breadth of the less base EG, and h 



._i- 
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the ceminon height. Then the solidity ef tlie wedge 
whose base is ABDC will be expressed bj 

xBkj and the solidity of the wedge whose base is 

6 

iL+l 
teFHG by " Xbh 5 hence the solidity of the 

2l+h ' 2l+h 

whole (>rismoid will be xBA, x -^ — •*• X 

6 6 



L+l L h 

bh^ xB ; +Z+— x6 ; X — , which is the rule 

2 2 3 

exactly. 

This rale is demonstrated section IL Prob« XIV. of 
Emerson's Fluxions, and in a similar manner at pa§« 
179y second edition, of Simpson^s Fluxions; also in 
Holiday's Fluxions, page 302. 

Note. If'— *— a»M, and«*— — ^sm^ the above rute 

k 
becomes BL-f U+^Min^ X — ) thai is^ To the sum ef 

6 
the areas of the two ends add four times the area of 
a section parallel tO| and equally distant from^ both 
ends ; this last sum multiplied Into one-sixth of the 
height, will give the solidity. 

It is shewn in proposition HI. page 456, part IV. of 
Dr. Hutton*s mensuration, quarto eaitiony that this last 
rule is true, for all frustum s whatever, and for all soU 
ids whose parallel sections are similar figures. And, 
Mr. Moss, in his Guaging, page 175, third edition) 
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sajd that it IS tiear/^ true^ let the form of the solid be 
what it will. 

» 

The following rule for measuring a cylindroid given 
by Mr. Hawnej, from Mr. Everard^s Gauging, has 
been by some teachers considered as erroneous^ others 
a^ain have imagined it to be true. The general rule^ 
which has just been described, will most certainly give 
the content either exactly^ ov as j(ear as possible^ pro- 
vided the figure of ti^e middle section between CD and 
AB (see the following figure) can be accurately deter- 
mined. Half the sum of CD and AB» in the follow* 
ing example, is 35, and half the sum of AB and RF is 
20, the two diameters of the middle section ; therefore 
it must either be an ellipsis^ or a curve of the oval 
kind, whose area» perhaps, cannot be easily determin- 
ed. If the section be an ellipsis (and it cannot mate- 
rially differ from one) the rule given by Mr, Hawney 
exactly agrees with the above general rule» But Mr^ 
Moss, in prub. Vf. seet. Vill. of his Guaging, has 
shewn that the figure of the middle section between 
Ci) and AB, can ntcer be an ellipsisi unless the par- 
allel ends AB and CD are similar ellipsisy and simi- 
larly situated ; viz, the transverse and conjugate diam- 
eters of each end,, respectively parallel to each other, 
and this circumstance can never happen but when 
the solid is the frustum of an elliptical cone. The 
rule therefore cannot be strictly true, though sufficient'^ 
ly near for any practical purpose.. 

To measure a CrLivDRoin; or, the Fjrustum of an 

elliptical Cone, 



BULB. 



Jo the longer diameter of the greater base, add 
balf the longer diameter of the less base^. multiply the 
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8um bj the shorter diameter of the greater base, and 
reserve the product. 

Then to the longer diameter of the less base^ add 
half the longer diameter of the greater base ; and 
multiply the sum bj the shorter diameter of the less 
base ; add this product to the former reserved pro- 
ducty and multiply the sum bj .7894f and then by 
one third of the height^ the last product will be the Ui\» 



&XAMFLES. 







1. Let ABCD be a cylindroid, whose bottom base is 
an ellipsis, the transverse diapeter being 44 inches ; 
and the conjugate diameter 14 inches; and the upper 
base is a circle, of which the diameter is 26 inches $ 
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and' the height of the' rrastam » 9 feet $ (he soliditj 
is required. 

N 

I 

(CD+i AB)xEF=798? (AB4f CD) XAB=I248^ 
and 1248 + 798 ::: 2046 hence, 2045 X .7854 X 3 ZZ 
.4(620.7852 and divided < by 144, gives 33.47^6^ the 
solidity in feet 

« 

2. The transrerse diameter of the greater base of a 
cylindroid is 13| conjugates; the transverse diameter 
of the less base 10, and its conjugate 5.2: If the 
length of the cylindroid be 2Q- what ia the solidity P 

^n$. 1203.2328. 

3. I desire toknow what quantity of water an ellip- 
tical bath will hold, the longer diameter at the top be- 
ing 12 feet, and shorter 7 $ the longer diameter at the 
bottom 10 feeti and the shorter 6 feet ; and the depth 
4ifeet ; reckoning 282 cubic inches to a gallon P 

Jins. 1379.0303 gallons^ 
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$ XI. Of a 8pBS»m or Globe, 

A sphere, or globe, is a round Boltd body, everj^ part 
ofiUiurfiice beiDg; equally distant from a point within, 
called its ceolre ; and it ma^ be cooceiTed to be form- 
•4 by Uia revolution of a semicircle rouad its diameter- 
TV find the Solidity. 



Multiply the cvbe of the diameter by .5236, and tiw 
product mil be the solidity. 



Multiply the diameter of the sphere into its circnm- 
ference, and the prodnct will be the superficies ; 
which multiplied by one-third of the radius, or a sixth 
part.of the diameter, will give the solidity. 



J 




1. Required the solidify of a globe, ABCD, whose 
diameter AB or CD is SO mcltu. 
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BT RULB I. 

Q0KMX20X.52S6^^lSB.8f the soliditj. 

BT muLB 2. 

20x5.Ut6ss6a.8S2, the cireumferetice. 
20x62.832s=:)25a.64', the 6iiper8cie9. 
20XI256.64-S-6— 4198.8, the solidity, in inche^r 
as2.424i feet. 

2. The ditmeter of the earth h 7970 milesi what is 
its surface in square miles, and soliditjr in cubic miles f 

a C Surface 199557259.44 miles. 
*^^' ^Solidity 265078559022.8 miles. 

3. The circumference of a sphere is 1, what is its 
solidity and superficies I 

jf C Solidity .0168868. 
•*"*• t Superficies. .3183099. 

4. What is the solid and superficial content of a 
globe, whose diameter is 30 ? 

-- . 5 Solidity 14137 2. 
•*"'• ^Superficies 2827-44. 

5. The eircumference of a globe is 50.3, what is its 
solidity and superficies ? 

a„^ 5 Solidity 2149.07 372S. 
•""*• i Superficies 805.3526. 
8. A fflobe* a cube, a cylinder. 

All three in surface equal are,*^3»14I6 
In solidity what do they differ ? each. 
Am. The solidity of the globe Is .5237, the cube 
.378877, and cylinder .4275176 ; so that of all solids, 
under the same superficies, the globe is the greatest. 

* First y for the globe. If the superficies of a globe be 
Avided by 3.1416, the quotient will be the square of 
the diameter, the square root of whieh will be the 
diameter.— fUence the solidity is easily found. 
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Second^ for the cube. The cube has ^ equal sorfaoes^ 
(kerefore ^e whole surface divided bj 6, will give the 
square of the side of the cube ; the square riot will 
be the side.— -Heoce the solidity is found. . » 

Thirds for the cylinder. The diameter and depth^ of 
the cylinder are here supposed equal.— The superficies 
of a cylinder, whose diameter ana depth are each an 
unity will be found to be 4.7124; and the supericies of 
similar cylinders are to each other as the squares of 
Ihelr diameters, therefore 4.7 1 ^ is to the square of 1^ 
as tiie superficies of the cylinder is to the sauare of 
its diameter; the square root of which will be the 
diameter, and likewise the depth.— •Hence the solidity 
of the cylinder is found. 

DBMOMSTRATION ^V THE RULBy &C. 

2%af every Sphere is two-thirds of its CireumscrUit^ 
Cylinder J jmay be thm proved. 



Let the square ABCD 
the quadrant CBDy and 
the right angled triangle 
ABD, be supposed all' 
three to revolve round 
the line BD as an axis « 
Then will the square 
generate a cylinder^ the 
quadrant a hemisphere, 
and the triangle a cone, 
all of the same base and 
altitude. 



By Euclid, I. and 47, FD^=Frt^+DU^, but FD»£ 
EH, and GH =sDH because EH is parallel to CD, 

tRerefbrc EH*=FH3+GH* ; and as circles are to 
each other as the squares of their diameters, or radii 
{Euclid, Xil. and 20 it follows that the circle describ* 
ed by £H, is »qual to two circlet described by FR 
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«fid 6H ; take away the circle described by FH, and 
there reoaainsthe circle described by EH — circle de- 
scribed by FH {viz, tiie annuluSf ol* ring described by 
EF between the sphere and cylindcr)r:circle describ- 
ed by GH. And it is evident, that this property will 
hold in every section similai^ to EH; but the cone, 
hemisphere, and cylinder, may be conceived to be made 
up of an infinite number olf such sections, therefore 
when the hemisphere is taken out of the cylinder, the 
remaining part is equal to the solidity of the cone-^ 
but the cone is one-third of the cylinder, therefore the 
hemisphere must be two-thirds, and what is here 
proved with respect to the halves of- the proposed s»- 
fids, holds equally true with the wholes. Therefore 
everf^ sphere is two-thirds of Us circumscribing cylin'- 
der. "Sow if D be the diameter and hei|cht of a cylinder 
its solidity will be D*x.7854iXDzzD^X.7854, henee 
the solidity of its inscribed sphere will be D'x78d4X| 
ZZD* X.5236, which is the first rule. 

TJie Surface of a Sphere is equal to the curve Surface 
of Us Circumscribing Cylinder* 

Take FK^an extremely small part of the quadraii^al 
arch CB, and suppose lines LM and £H to be drawn 
throu^ K and F parallel to each other. Then, because 
X FK 18 extremely small, it may be considered as a 
straight line, and the angle FKD as a right angle. The 
figure FK.MH, by revolving round MH, will form the 
frustum of a cone, whose slant side is FK ; and the fig- 
ure ELMH,by revolving in the same manner^ will form 
a cylinder, whose perpendicular height is LE.— 
But the surface of the frustum is equal to FKx 
half the sum of the circumferences of two circles 
whose radii are KM and FH ; or these being 
extremely near to each other, the surface of the 
frustum will be equal to FKx circumference of a cir- 
cle» whose radius is KM^ or FH. I^et Czrthe cirtum- 
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* 

ference of a circle whose radios is CD or BH9. and^ 
c~the circumfereBce of a circle whose radius is FH 
or KM : then the surface formed by the revolution of 
FKMH about MH» is equal to exFK ; and the cjHn* 
drical surface formed bj the revolution of ELMM, is 
equal to CxLE. But the triangles FeK and DMK 
are equiangular and similar ; for FKD and eKM are 
right angles ; take away the common angle eRG, and 
there remains FKeaaDKM ; and the angles FeK and 
KMD are right angles ; therefore. 

DK or €D : KM : r KF : Ke or LE. 

But the circumferences of circles are to each other as 
their radii> therefore 

C : c : : CD or LM : KM» consequently! 
C : c : : KF : Ke or LE. 

Hence CxLEzrcxKF. That is the cjUndrical sor* 
face formed bj the revolution of ELMH^ is equal to> 
the spherical surface formed, by the revoiution of 
FKMH. And, if more parallel planes be drawn, ex- 
tremely near to each other, the small parts of the 
cylindrical surface will be equal to the correspondent 
parts of the spherical surface $ and therefore the sum 
of alt the parts of the cylindricai surfiice, will be 
eqiial to the sum of all the parts of the spherical sur- 
fa^ ; that is^ the surface of the half cylinder will be 
equal to the surface of its inscribed hemisphere, and 
the surface of the whole cylinder equal to the surface 
of its inscribed sphere. Hence if Dathe diameter as 
before, then 

D 

Dx3> li16xD ; x-^s the second rule^sc 
6 

D ^ X .5236, the same as the^rs^ rule* 

CoroUary 1. The surface of the sphere is f of tha^ 
wholo surface of its circumscribing cylinder. 

For D^xS.HIdis the surface of the spherezzcurra 
surface of the cylinder ; and the area of the tvuewla. 
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lif the cylinder«D«x.7854 ;+D«x.r854=:1.570« DS 
therefore the surface of the whole cylinder is:?B3.14l6 
D^+L5708 1^*^:4.71 24 ])> ; two-thirds of which= 
3.1416 D^, the surface of the sphere. 

Cor* 2. HeDce the surface of the whole sphere is 
equal to the area 4>f four great circles of the same 
sphere; or to the rectangle of the circuiiifereBce und 
diameter* 

Cor,S. The surface of any segment or zone of a 
sphere, is e^ual to the curve surmce of a cylinder, of 
the same height; and whose diameter is equal to that 
of the sphere. 

For the zone formed by the revolution of FKMH 
d)Out MH) is equal to the surface ^ the cylinder form- 
ed by the revolution of BLMH. 

♦ 

IttveaigatUm of General Rtdesfer finding the Solidity 
of any Segment^ or Zone of a Sphere. 

liet ACjf represent a tri* 
angular pyramid, whose side 
Ay is infinitely small. The 
sphere may be considered to 
be constituted of an infinite 
nnmber of such pyramids, 
yCej eCa, fcc whose bases 
compose the spherical sur- 
face, and altitudes are equal N 
to the radius of the spbere^ 
their common vertex being 
the ceiiti« C. And conse- 
quent! v, the sphere, or any sector tiiereof, is equal to a 
pyramid, the area of whose base is equal to the spher- 
ical surface, and height equal to the radius of the 
sphere. Let *T be the height of the segment. aTm be 
called h, the diameter of the sphere D, then will its 
circumference be3.14r6D; hence by Cor. 3, prece- 
ding, the surface of' the spherical segment aTm mil be 
expressed by 3.14ie Dh. And thwolidity of the sphe 
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ical sector CaTtti (supposing CM to be drawp) by 

what has jast been observedi will be 3.1416 DAx-— =l 

a 

.5236 D«A. 

By the property of the circle D— iAxtezo^' ; but 
M3 D— 2A 

A6«x3.i4t6x— =s D— fcxfcxs.iiie X =D— Ax^ 

S 6 

X.5?S6xD-i2A«D^&— 3Dfe*+2A^ ; X.5236, the so- 
lidity of the cone Ca?fi. Now, the solidity of the cone 
taken 4rom the solidity of the sectori leases the solidity 
of the segment, mx, 
D^A<.523(3 5— D^A+3DA»— 2/i» :X.5236=a 

SD/i^— 2A»5 X.5236«3D— 2Axft«X.52S6, which is 
-om rule for the solidity of a segment ; and, it is evi- 
dent from the property of the circle^ tliat this rule 
will be true, whether the segment be greater or less than 
the hemisphere, or whatever be the magnitude of A, 
provided it be not greater than D. Opi if rsaeaftthe ra- 
dius of the segment's base, then D—- /^xA»r*> there- 
fore Da* , for D in the above rule substitute 

its value, and the rule becomes — *-«— «2A; xA'^X 

-r h 

•5236=i3r^-|-/i» xAx.5236, an useful rule, when the dia- 
meter of the sphere is not given. 

To find the Solidity of a Zone of a Sphere, 

Call the height of the greater segment H, and the 
height <^ the less A ; also H the radius of the greater 
base, and r that of the less ^ than it is evident the dif- 
ference between the solidity of these two segments 

will be the solidity of the zone. Hence 3R7+H^xH 
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X.52S6;-3r*+A*XfeX.5236=(3R*H+H'»';;3r«A+A^) 
X.52S6. Put flasH— A the breadth of the zone, 
4EiDd D the diameter of the sphere : then, bj the prop- 
erty of the circle, D— H xH=RS and D-pAxA«=i « 

R^XH* 
from the former of these Ds= — — , and from the Jat- 

H 

ter D«=— ^ ; therefore — — = — — , and from 

h H h 

the above a^ll — h> Exterminate the values of H and 

h, and the above Theorem (3U*H +YP 5— 3r«A+ft«) : 

a* 
X.5236, will fcecomc R^-fr^-f—jXaX 1.5708. 

3 
If one of the radii pass through the centre, as in the 

zo^e AG ma, then R2=— =a6*+6C^=^r«+aa 5 

hence the lost theorem becomes r*+fa* 9 XaX 3.1416 
==iDa-.|fl5 . xaX3.14l6. 

Hence r^+fa» : XflX6.2832=iD«-4a«XaX6.2832 
%g>ill express uthe solidittf of the middle zone amKN, 
being double of the former, where a is half the alti- 
tude, and r== half the diameter of each end. Put A 
for the whole altitude, and d^^r the diameter of each 
€nd,and the theorems become d*+|A» ; xAx .7854 
«:D^— iA^5 xAx.r854. 



To find the Solidity of the Segment of a Sphere. 

UULB i; 

From three times the diameter of the sphere sub- 
tract twice the height of the segment; multiply the 
remainder bj the square of the height, and that pro* 
duct bv ,52SGf and the last product will be the soliaitv^> 
U 
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RULE II; 



To three times Q\e square of the radius of the sei 
lnent'8 base} add the square of its height ; multiply 
this sum bj the hebht, aud the product by .5236, anS 
the last product will be the solidity. 



BXAMPLES. 



!• Let ABCD be the frustum . 
<»f a ftphere ; suppose AB, the 
diameter of the frustum's base 
to be 16 inches, and CD, the 
height, 4 inches; the solidity is 
required P 




fi 



BT RTLE I. 



AD*-5-DC,+ 0C=r:CE ; that is, 8 x8-f-4.,+4«=20 
the diameter ; therefore, (20X3— 4x2)x4x4x.5236 
S435.6352, the solidity of the frustum. 

BT RUIiE Z. 

tS Al>« +CD« ) XCD x.523ar:435.6S52/ the solidify, 
as before* 

2. What is the solidity of a segment of a sphere, 
whose height is 9, and the diameter of its base 20 i 

3. What IS the solidity of the segment of a sphere^ 
whose diameter is 20 feet, and the height of the seg- 
men* 5 fee ij jj^s, 654. 5 fee t. 
f./" ^^ diameter of a sphere is 2l, what is the so- 
lidity of a segment thereof, whose height is 4.5 ? 

^ ^, _. ^ ^ns. 5725566. 

5. The diameter of the base of. a segmeut of a 
sphere is 28, and the height at the segment 6.5 ; require 
^ the solidity^ Jin$, 21MS92S5. 
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Tojlnd tilt SoKdUy eftheFrustuntj or Zon$f of a Sphere^ 

OBHERAL RVLS. 

Add together the square of the radii of the ends, 
and one-tnird of the square of their distance^ viz. the 
height $ multiply the sum by the height, and that pro- 
duct bj 1.570^1 the last product will be the solidity. 

Off for the middle Zone of a Sphere, 

To the square of the diameter of the end, add two 
thirds of the square of the height; multiply this sum 
by the height, and then by .7854, for the solidity. 

Or, from the square of the diameter of the sphere* 
tnbtract one*ttiird of the square of the height of the 
middle jrooe ; multiply the remainder by the height) 
and then by .7854, for the solidity. 



h Required the solidity of the zone of a sphere 
A6KN (see thefigure^p. 179,) whose greater diame* 
ter AG is 20 inches, less diameter NK 15 inchesi and 
distance between the ends, or height CB 10 inches. 

(AC*+NB*+|CB>)xCBxl.5708«2977.9744r64^ 
Hie solidity. 

t. Required the solidity of the middle zone a m KN 
of a sphere, whose diameter AG is 22 inches; the top 
wnd bottom diameters a mand NK of the zone being 
each 16.971 inches, and the height Bfr 14 inches F 

Jffts. 460S.4912 ineheit 
5. Required the solidity of a zone whose greater 
diameter ts 12) less diameter lO^ and height 3 P 

Jim. 195.8S64. 
4. Required the solidity of the middle ^one of a 
aphere, whose top and bottom diameters are each 3 
U^tf and the breadth of the tsone 4 feet ? 

Ms. 6 1.7948 feet. 
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5, Reqoired the ddidit^ of the nrtddle zone of a 
sphere, whose diftmeter IB 5 feet, and the height of 
the zone 4 feet ? -fln^- 6 1 .7«*8 feet. 

To fir.d the Cmvex Surface of any SegmenU or Zoney 

of a Sphere. 

RULE. 

I 

Multiply the circumference of the whole sphere by 
the height of the segment^ or zone, and the produet 
niiH ^e the convex surface. 

EXAMPLES. 

1. If the diameter of the earth be 7070 miles, the 
height of the frigid zone, will be t5'2.S6\2SS miled f 
required its surface? 

JlriM. 6318761.107182216 miles* 

2. If the diameter of the earth be 7970 miles, the 
height of the temperate zone will be 2143 6235535 
miled^ required its surface ? 

£ns. 5367322i).8lSr34532 miles. 

3. If the diameter of the earth be 7970 miles, the 
height of the torrid ^one will be 3178.030327 miles; 

raquiired its surface i 

Ms. 7957 3277.600 i 66504. 

Note. The. surfaces of thel 6318761.10718221« 

two frigid zones, by exam- V. 6318761.107182216 

pie 1, are J 

The surfaces of the two tern- ) . ^3673229.8 1 2734532 

perate zones, by example 2, V 53673229.813734532 

are --- J 

The torrid zone, example 3,> 79573277.000166504 

U • - - i ■ 

Surface of the whole globe,"} 

agreeing exactly with ex- 1 199557259.440000000 
ample 2^ p. 175. ------ J 



• 
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§ XII. Of a 8PMEnoii>^ 

A spherqid is a solid formed by the revocation of 
9Xk ellipsis about its axis* If the revoUtion be made 
about the longer axis, the solid is called an oblons^ or 
frolate spheroid, and resembles an egg i bat if the 
revolution be made round the shorter axisi thesolid is 
called an oblate spheroid, and resembles a turnip, or 
an orange. The earth and all the planets are con^-^ 
dered as oblate spheroids* In an oblong or prolate 
spheroid, the shorter axis is called the revolving axis, 
and the longer atis the iaed axis : but in an oblate 
spheroid, the longer axis is called the revolving axis^ 
and the shorter axis is called the fixed axis. 

To find the SdUUfp 

RULE. 

Multtplj the square of the revolving axis by the* 
fixed axis, and that product bj .5236 for the soHditj*^ 

EXAMPLES* 



K Let ADBC be a f rotate sphe- 
roid, whose longer axis CD is 55 
inches, and shorter axis AB 33 j re- 
quired the solidity? 

AB»^xCDx5236«3136K022, the 
9olid content, required* 




i What IS the solidity of an oB&fe spheroid; whose 
tbng^r a^is is $5 inches^ and shorter axis 33 inches ? 

•^Rs* 53208.37 inches*- 
RSl 



isb 
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S. The axes of an oblong; or prelate spheroid are 
50 and 30 ; reqirired the solidity r Jns, S356S. 

4. I'he axes of an oblate spheroid are 50 and SO ; 
required the solidity P .if Us. 59270* 




Uemonstration. Suppose the figure NTnSN to 
represent a spheroid, formed by the rotation of the 
8elni*eilipsts Ti98, about its transverae axis TS« 

Let D«bTS| the length of the spheroid, and the 
axis of t^e circumscribing sphere; and (/=Nni the 
diameter uf the greateist circle of the spheroid : 

Then afe* : Nn« ::A*« : a6S by section XV. p. 

127, that is, D> :d^ u Ab^ : ab^ ; but all circles are 
to each other as the squares of their radii. Now, the 
aolidity of the sphere may be imagined to be constitu- 
ted of an infinite number of circles, ^hose radii are 
paraUel to Ab ; and the spheroid of an infinite number 
ot ciroles whose radii are parallel to ab* Therefore 
I)^ : d* :: solidity of the sphere whose diameter is D ; 
Solidity of the spheroid whose revoWing axis is d / 

5236 D« d« 

m. D* :d» :: D3x«52d6: »:.52S6 Dd*. 

D* 
Again for the oUaU apheroid, by Bmetsonh Conic9» 

book I. prob. ly KC^ : TQ> :; itaXaN : B<i» $ bat bj 
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Ihe proiierty of the circle naxaS^ba^f 

thcreforo NC» : TC^ :: 6a* : Bn*, viz. 

rf* : D* :: fci* : Ba* $ h«nce from the 
same manner of reaBonioeas obove^ d^ :h^ :: solid- 
ity of the sphere^ whose dtameter is d : the solidity of 
a spheroidi whose revotving axis is D. 

.523^^ D* 
Hence d* : D* :: rf»x.5ast: «.5236ifl)«. 

Now from these proportiong, between the sohere and 
its inscribed or circamscribed spheroid* it will be verjr 
easy to deduce theorems for ioding the solid content, 
either of the segment or middle zone of any spheroidi 
having the aame height with that of the sphere t fort 

As the solidity ofthe whole sphere is to the solidity 
of the whole spheroid, so is any part of the sphere to 
the like part of the spheroid. 

1st. To find the sdidiiy of a segment of a spheroid. 

TS* :Nn* :: A6* : ab* in the prolate spheroid*. 

Hn* :TS2 :: ab^ : aB' in the oblate spheroid. 

Hence Tl6* . Nn» : : solidity ATM : solidity n Tw, 

Nn« : TS* :: solidity bHb : soKditv BNB: 
But the solidity of ATM or 6M6 may be fotmd by rule 
the first} section XI. p. 181. 

2d. To find the solidUy qfthe middle zone of a spheroid. 
Let/= rS the fixed axis. ? for the oblong 

resNn the revolving axis N spheroid. 

hs^Bb the height of the middle zone or frustum. 

BsftAM the diameter of one end of the spherical 
zone. 

Jdbirm Ibe corresponding diameter ^f Ihe sphermA- 

aizone« 

/ 
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By section XL the solidity of the middle cone of 

fte sphere is D*+— x/iX •7854*=3D*+2^* ; xAx 

D» /» *, 

•26i8> but A6»==AC2~C63 t?i«. — « ~ ; 

4 4 4 

therefore D^=/'—fc*, hence the solidity of the spher- 
ical zone-=3/*— /i" ; xAx.26I8. But 5235 P : .5236 
f^ i:3/'— ^; X/IX2618: the solidity of the sphere- 
oidal frustum, vi»^ 

/* : r :: 3/^— fc" ; X/^X .2618 : the solidity of the 
spheroidal frustum^ By the property ol the^ ellipsis^ 

■MMW^B* ^^^mmtm aiM^—i.* . mmmmamm 

TS* S Nn* :: AM« : an*», tbftt is, 

f* ; r'^ ::/«— ft^ 3 d», hence/ *« .--; 

r»/i* ^ 3r^^ 
Consequent.— : »* •: —ft* 5 xAx*2618* r 

the solidity of the spheroidal frustum 3£s2r* +(P p 
XJbX.2618. The rule tor the oblate sph roidal zone 
will be exactly the same, putting r for TS and d for 
BaB. 

Tb find the Solidity of the Segment of a Spheroid f 
Base qf the Segment being paralkl to the revolving 
JBbcis of the. spheroids 

RULB. 

From three times the fixed axis subtract twice the 
height of the segment, multiply the remainder by the 
sqjuare of the height> and that product by .5236«-«- 
Then as the- square of the fixed axis> is to the square 
of the revolving «xis ; so is the last product, found 
-above, to the sdidity of the spheroidal segment ' 
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BXAMPI.ES. 

1. In a proZafe spheroidy the transverse or fixed axi» 
TS is 100, the conjugate or revolving axis Nnis 60^ 
and the height ftT of the segment oTm is 10 : required 
the solidity ? 

(3TS— 2Tb) xT6»X. 5236=* 14660. 8 ; then as 
TS* J Nn» : : 14660.8 : 5277.888, the solidity of the 
segment aTm. 

2. In an oMa^e spheroid, the transverse or revolving 
axisTSis100« the conjugate or fixed axis N^tls 60, 
and the height Na of the segment BNBis 10 : requir* 
ed the solidtty ? 

(3Nw— 2Na) xNa^x. 5236=8377.6 ; then, as 
Nii» : TS» :: 8577.6 : 23271^ the solidity of the seg- 
ment BNB, 

Now,, square of NftsB«3600 and square of TSaslOGOO» 
As 360O: lOOOO :: 8377.6 : 23271^, the solidity of the 
splieroidal segment BNB. 

3. The axes of a prolate spheroid are 50 and 3€r ; 
what is the solidity of a segment whose height is 5, 
and its base parallel to the conjugate or revolving axis ? 

Jins. 659.736. 

4. The axes of an oblate spheroid are 50 and 30 ; 
what is the solidity of a segment whose height is 6, 
and its base parallel to the transvere or revolving axis I 

Ms. 4084.08. 

5. If the axes of a prolate speroid be 10 and 6, re* 
<|uired the solidity of a segment whose height is 1, and 
us base parallel to the conjugate or revolving axis ? 

Jina. 5.277888.- 

Q. The axes of a prolate spheroid are 36|and 18; 

what is the solidity of a segment whose height is 16^^ 

aad its base parallel to the conjugate or revolving axis ? 

^ws. 5I7.130ei. 
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To find the Sdidity of the middle Zone of a 
kamng circular ends ; the middle Diameter^ wnd thatf 
of either of the ends being given • 

RULE. 

To twice the tqoare of the middle diametert.add th^i^ 
■quare of the diameter of the end ; multiply the sum 
by the length of the zone, and the product again by 
2618 for the solidity. 

Not%. This rule is useful in guaging. A cask in 
the form of a middle zone of a prolate spheroidf is bj 
guagers called a cask of the first variety. 

EXAMFLBS« 

1. What is the solidity of the middle zone of a pro* 
late spheroid, the diameter a m of the end being $69 
the middle diameter Nn GO, and the length B6 80 f 

(£Nns +am*) xBfr X.26i8 t^ L77940.924, the solid 
tontenl. 

3. Required the solidity of the middle zone of air 
oblate spheroid, the middle diameter being 100, the 
diameter of the end 80, and the length 36 ? 

Jins. 2i8814.rsi. 

3. Required the content in ale gallons of spheroidal 
cask) whose length is 40 inches ; the bung diameter 
being Ztf and head diameter £4 inches. A gallon of 
ale being 282 cubic inches ? / Jins, 97 A^ 

> 4 Reauired the content in wine gallons of a spher- 
oidal cask, whose length is SO iaches ; the bung dtam* 
. eter being 1.6, and head diamteter 12 inches. A gallon 
of wine S^iiig2$l cubic inches i Ans. 14.869* 



§X11I« Of a Parabolic Cqnojd, 

A parabolic conoid, or paraboloid, is a solid, gene- 
fated by supposing a seroiparabola turned about its axis« 
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To find the Soliditif* 

MuUiplj the area of the base by the height^ and half 
'the prodact will be the solid content. 

EXAMPLES. 



1. Let ABCD be a par- 
abulic conoid, the diameter 
«f Its base, AB, 36 inches, 
and its height, CD, 33 
inches; the solidity is re- 
quired ? 



• 




AB^xCDx.3927»l67Q4.9936, the selid content 
which divided by 1728 gives 9 719 feet the solidity. 

Demonstration of the ruxjb. The parabolic co« 
eoid is constituted of an in&nite number of circles, 
whose diametero are the ordinates of the parabola. 
Now according to the. property of every parabola^ it 
wilFbe, 



SA: AB 






AB« 

sa" 



hf tke iMtw Sectum. 



fSaxL=6a« 

^SjfXl-dlry*! &c. 

Here SaxL, SexL, SyxLf 
&c. are a series of terms in arith- 
tnetical progression. Therefore 

6a*, fe* gy^9 8tc. are also a 
aeries of terms in the same pro-* 
{[ression, beginning at the point 

Sf wherein Afi^ia the greatest 
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tenof and SA. the number of all the terns. There* 

fore, AB^xfSAssthe sum of all the terms ; and circles 
are to each other as the squares of their radii. 

Therefore, if we put D» AB, and HasSA. 

Then .7854 DDxiH».S927 DDH will be the so- 
lid content of the conoid ; which is just half the cj- 
linder, whose base is«=»D, and height=H. 

This being rightlj understood, it will be easy to 
raise a theorem lor finding the lower frustum of any 
parabolic conoid. 

For supposing Aa=aAy the* height of the frustuni, 
and 0=8(19 the height of the part h^h cut oflTi then 
ft4.p«SA9 the height of the whole conoid \ let D=BB 
andd=»^6, then the solidity of B8B will be D^ft-f- 
D'/?; X.S927, and the solidity of frS6 will be (i ''/ix 
^3927, hence the solidity of B6ftB 
must be D»/i+D«y— (t* ;X.3927 
but by the property? of the para- 
bola 8A : Sa :: AB' :a&% vlxy 
D» dP hd\ 

ii+pip :: — : — hence p» 

4 4 D'^-(i 

for p substitute its value in the ex* 
pression for the solidity of the 

frustum B66B, and it becomes <D' h $+D* *-^' X<^— — ) 

D» 

X.3927=I>* +CP xfcX.3927. 

2. What is the solidity of a parabolic conoid whose 
height is 84| and the diameter of its base 48 ? 

Jins. 1600h5S7i. 

3. Required the solidihr of a paraboloid whose height 
is 40, and the diameter of its base 40 ? 

Jins* 18849.6/ 

4. Required the solidity of a paraboloid whose height 
is 22.85| and the diameter of its base 32 ? 

Jtns. 9188.55168. 





To find the SdUittf of the Frmttm of m FmnkolMf 

or Parabolic Conoid. 

BULK. 

MuItipW the sum of the squares, of the diameters of 
the two ends bj the hetght^ aM by .7854^ half the pro- 
duct will be the soiidity. 

Not*. This rule is usefal in 
cask-suagins;* For if two equal ^- 
frustums of a parabolic' conoid'^ 
B6frBt be joined together at their "4 
greater bases, they form a cask of ^ ^_ 

the third variety. The less dia- B 

meter of the frosfum bb will be the head diameter of 
the ca«k» and the greater diametep^BAB will represent 
the bung diameter. 

EXAMPLES. 

1. The greater diameter BAB, of the frustum BUB 
of a paraboloid is 52, the less diameter bb 269 and tha 
height A a, 8 ; r^^quired the solidity ? 

(BB»+*6»)xAflX.3927r:5340.72, the solidity. 

2. Required the solidity of the frustum of a para* 
bolic conoid, whose sreater diameter is SO, less dia-* 
meter 24, and the heidit 9 ? ^ns. 5219 626S. 

3. Required the soiidity of the frustum of a para* 
boloidf the diameter of the greater end being 60, that 
of the less end 48, and the height 18^ i 

Jm. 417330144. 

4. There is a cask in the form of two equal frustums 
of a parabolic coaoid ; the length is 40 inches, the 
bong aiameter 32, and head diameter 2^. Required 
its content in ale gallons ? 282 cubic irirhes being one 
gallon. Jins. 89.1234 s^allons. 

$, There is a cask in the form of two equal frua* 
laasa of a paraboloid ; the length is 20 inchesi the boag 

S 
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ditmeter 10, and head diameter 12. Required (fte con* 
tent in wine gallons ? 231 cubic inches bein^r one gal- 
ion, dtfns. ] 3.6 gallons. 



$ XIV. Of a Pjmabolic Spjxvlb, 

A parabolic spindle is formed by the revolution of 
a parabola about its base, or greatest double ordinate. 

To find the SolidUy. 

RULE. 

Multiply the square of the middle diameter bj 
.41888 (being 1^ of .7654) and that product by its 
length ; the last product is the solid content. 



fiXAMPLES. 



1. Let ABCD be a parabolic spin- 
die, whose middle diameter CD is 5^ 
inches, and its length AB 99 inches; 
the solidity is required ? 

CD«xABx.4l88«5S743 97952, 
inches, or 51.10184 feet, thesolidity^ 
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2 The length of a parabolic spindle is OO, and tba 
middle diameter 34 ; what is the solidity ? 

4n9. 290535 168. 

5. The length of a parabolic spindle is 9 feet, and 
the middle diameter 3 feet ; what is the solidity f 

Jins. 33 92928. 

4. What is the solidity of a parabolic spindle^ whosa 
length is 40, and middle diameter 16 I 

•4ns.4289.33 1 2. 

Dbmowstratiok or thb rule. A parabolic spin* 
die is constituted of an infinite number of circles, whose 
diameters are all parallel to the axis SA of tlie parabola^ 
as m a, n 6, p y^ ^c 

Let us suppose the line Sn parallel to AB, &c.— 
Then it has already been proved} (section XIV.) that 
the lines /m, S / ^ i a , 

f: n, h Pi S^c. 

are a series of 
squares, whose 
roots are in a- 
rithmetical pro- 
gression, consequently their squares, vix. fm*. gn^t hp^^ 
S[c. will be the series of biquadrates, whose roots will 
be in arithmetical progression : which being premised^ 
we may proceed thus : 

1. SA— ^wisaama 

2. SA— .^=ne 

3. SA — hp^py, Jf^e. and squaring each eqaatioD) wa 

rt 

1. S A'— .23 A x/m xfm* ^ma^ 

2. SA»— 2SAx^»+^n*=ne* 

3. SA«— 2SAxApX^.j3*«:p^»^c. 

The sum of these equations will evidently give thf 
sum of the squares of the radii, mat n e^ ny^ ^c of 
eircles which constitute the solidity of the semi-para* 
boiic spindle* The first terms of the eqaationi being a 




* * 
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•tries •f ^^fH squares, nrliere tKe number of terms is 

AB, the !>ttm of the terms will be SA* x AB 

The i»Qni of the second terms of the above equa- 
tions (Emmerson*fi Mthvft^iic of iiifiDites, Prop. III.) is 

8A+AB '25a* XAB 

— 2SAx « — ' — wherein SA is lh« 

3 3 

greatest ternif and AB the number of terms. 

The sum of the third terms of the above equations 
JEn< rson'^ arithmetic of infinites, Prop. V.) is 

I SA«XAB 

— .XSA*XAB« . for/w», ^«», hp*^ ^c. 

4+15 — - 

is a series of biquadrates, whose greatest term is SA^, 
and number of terms AB. Hence, the sum cf all the 
teruBS of the above equations will be 

^A*xAB SA^XAB SSA — 

SA*xAB$ X- ■ ' ~ « — - — XAB, 

5 5 15 

the SUA) of all the series of squares, ma', ne*, p^, ^c. 
But as circles are to each other as the squares of their 

radii or diameters; it evidently follows that ^V ^^' 
XTSSixAB will be the soliditj of one-fourtli of the 
spiudle A2SB, that is -^ of the cylinder SaBA circum- 
scribing one-fourth of the spindle; therefore the whole 
spindle i?j of its circumi^cribing cylinder : hence if D 
aethe okiadie diameter, and L the length of tl^e spin* 
die, its solidity will be ^xI>"xLx.7354«D'X 
.41888L.X VVhich is the rule. 

To find the Solidity of one-fourth of the middle frus- 
tum of tile Spindle^ Spy A. 

Exactly on the same p rinc iples as above SA 

2SA xhp hp^ 

XAy/^-" +Ay;+*-*-^xAyg»(8um of all the 

3 $ 
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cries of squares SA*, m a\ n «■, and p y*,J::r 



V _2 5 / xAy=S. Hence $SA*— 

•— Shp^ 3S . ,. 

23Ax^p+— — = — . But SA»— 2SA x*yp+A/> • = 

5 Ay 

p^f aod subtracting this equation from the ^rmer 

3/1/ 3S 

we get 3SA*+-— . — A/i*rr— — /^, hence by re- 
ductioQ, &c. 5 Ay 

:8SA«+^y*-. |A/>* 5 X |^sr=S. And circles are U 
each other as the squares ol their radii, hence 

1.5708SA" +.7834/>y* — 3,1416^ X | AynS, or 

3SA*+jo^»— f/iy«X.2618 Ay=S, the solidity t)f one- 
fourth of the middle frustum of the spindle. Hence 

To find the Solidittf of the middle Frustum of a Para* 

oolic Spindle* 

To twice the square of the middle diameter, add 
the square of the diameter of the eiid ; and from the 
sum subtract four-tenths of the square of (he differ- 
ence between these diameters $ the remainder multi* 
plied by the length, and that product by .2618 will 
give the solidity. 

Note. This rule is useful In cask-jguaging. A cask 
in the form of the middle frustum of a parabolic spin- 
dle» is called by ^uagers a cask of the second variety ; 
and is the most common of any of the varieties* 

EXAMFLBS* 

}. Required Hie solidity of the 
middle frustum, of a parabolic 
spindle BFGH^, the length, AB 
being 30, the greatest diameter 
CD lH; and the iepAt diameter 
EForGHl2? 

S2 
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(2CD* + GH« -^4x(CD — GH)«) X ABx.fi618« 
(512 + UA — AX 4X 4)X»)X .26 1 8=1656 — 6.4) X 
5.230ZI§49.6X5.2S6=:S401.3056, the solid content 

3. ThebuDg diameter CD of a cask is 32 inch^, 
beati diameter EF, 24 . inches, and length AB, 40 
inches required its content in ale gallons P 382 cubic 
inches being I gallon. wSns. 96 4909 gallons. 

3. The bung diameter CD, of a cask is 36^ inches ; 
head diameter fiF 20 inches, and length AB 36 inches ; 
required its content in wine gallons ? 231 cubic inches 
being 1 gallon. Jins. 117.89568 galions. 

Tojini the SolidUy of the middle Frustunt of any fivin^ 
ale, formed by the revolution ofm Conic tiection aooui 
the Diameter of thai Section* 

To the square of the greatest diameter add the 
square of the least, and four times the square of a 
diameter taken exactly in the middle between the two ; 
QiuUiplj the sum by the length, and that product by 
1309 for the solidity. 

Note. 8ee the latter part of the demonstration of 
the rulci in section X* 

XXAMPLBS. 

1. Required the solidity of the middle frustum EFGU 
•fany spindle; thelength AB, being 40, the greatest 

^ or middle diameter uD, 32* the least diameter £F or 
OH9 24^ and the diameter IK in the middle between 
6H and CD, 30, 157568 ? Jbks. 27425.Y2624* 

2. The bung diameter of a cask being 36 inches ; 
bead 20 ; length 36, and a diameter ezactljr in the 
middle, 31t9.^ inches i what is the content in wine 
gallons} Jba. U7 ^lons 3| quarts. 
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§ XV. Of the Jive Meqular Bbdjes. 

A regular, or platonic bod^, it a solid contained 
under a certain nttmber of similar and equal plane 
fi^uresr Onlj three sorta of regular plane figurea 
joined together can make a solid angle ; for three plane 
aneles, at ieasti are required to make a solid anglet 
and all the plane angles which constitute the solid 
anglci most be lesS) when added togetheri than four 
rignt angles, (Euclid, XI. and 2K) Now each angle of 
an equilateral triangle is M degrees; each angle of a 
square 90 degrees ; and each angle of a pent^;on ISO 
degrees. Therefore there can be onlj five re^lar 
boaiesf for the solid angles of each inust consist either 
of threef /our, or ^ve trtanglesy three squares, or f Arte 
pentagons. 

1. 'Vht teiraedrtm, or equilateral pyramid, which hat 
four triangular faces ; hence all the plane angles about 
one of its solid angles make 1 80 degrees* 

S. The octaedron, which has eight equilateral trian- 
gular faces ; hence all the plane angles about any one 
of its solid aneles make 240 degrees. 

S. The dodeeaedron^ which has twelve equilateral 
penti^)nal faces ; hence all the angles about any one 
of its solid angles, make 334 degrees. 

4. The icosaedron^ which has twenty equilateral tri- 
angular faces ; hence all the angles about any one of 
its solid angles, make 300 degrees. 

5. The nexaedroUi or cube, which has six equal 
square faces ; hence all the angles about any one oi its 
solid angles make 270 degrees. 

Note. If the following figures be exactly drawn ob 
pasteboard, and the Imes cut half through, so that the 
parts may be turned up and |;loed together, they will 
represent the five regular bodies above described. 



fOO 



Tk$ Jibniuration ^ 



4 



Tiirmedon 



Octaedron 




Thg Jcoioedran^ 
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The Five Regular BoHte. 



tot 



A TAM.2, shelving the «oliditf and saperficiet of the 
five reguUr budies^ the iengtti of a tide in each being 
\f or unit/. 



^ ramtsofthehodies,\ Sididtty. \ Super fi 



cies. 



Tetraedoii 
Octaedron 
Heiaedroa 
IcosaedroQ 
Dodecaedrnn 



.II78S113 

.47J*r>45S 

I .ouoooooo 

2.] 81 604.9:^ 
7.6631] 89 



1.73205081 
3.46110162 
6.00cX)OOOa 
8.ti0r'35404 
20.6457388 



2b find the Solidity or Superficies^ of an^ regular 

Body, by the table^ 



aui.K. 



1. MuUiplj (he cube of the lengtb of a tide of the 
bodj, bj the tabular soliditji and the product will give 
the solidity of the body. 

3. Miiltipiy the square of the length of a tide* of 
the body, by the tabular superficiesi and the product 
will gite the superficies of the body* 



fltXAMPLES. 



1. Let ABCD be a tetraedron^ 
whose side AB is 12 inches; requir* 
ed the solidity and superficies i 




12»:AB 

12 

]44a8qoare of AB 

1728a=cube of AB 



Tab. sol. .11785113 

1728 



94380904 
235r0226 
824i^5791 
11785113 



203.64675264 solidity. 



And 144 iniiltip1ie<l bT 1.7SS0308I. the fafmlar au- 
perficifs, eivefl 249,41351604 iochea, tbe mperficiea of 
the tf traeoron. 

S. Each side of a tetnedroB ta 3| required ita sar- 
bee and soliditj ? 

Jnt. Superficies 15.58845729} aolid. S.IBIHOAI. 



3. Let ABCDE be an oetae- 
m, eaci 

d Boperfii 

•Answer. 
8I45870I()5G inch, aolid. 
496.83063328 inch, anper. 



3, i^et aikjuKa m an oerae- 
iron, each aide being 12 
inches ; re(|uired the uliditj 
and Boperfioes I 



t. Let B he a hexatdrm, or cche, 
whose siile is 12 inchea; required the 
wlidit/ and suprficies f 

„ ( l7'^Sinchea,Buliditr- 
I 864 indies, saperficief. 



9. Let ABCDBPOHI 

be an icosaedruiu each side 
hereof being 12 inches; 
require'1 t!ie aoliditjr and 
an|ier&cies P 




C 3ra9.97470a72 inchet, soliditj. 
^ 1247.07659176 inchca, auperfiws. 



the Five a^piUifBoius. QOS 

9. Let ABCOBFGHIK be ■ dodteiuiroH, eieh lide 
tlierenf being 12 incbei ; required the Botiditjr and 
superficies ? 

.„ 5 13341869*593 inches, solid ity. 
•"'• I 99r2.9849l72inchet,»oparfici«8. 



§ XVI. To meassre nvg Irrkcolam Solim. 

If f ou have mj piece of wood or stone that is crsmj 
or uneven, end you desire to find the soliditj', put the 
solid into any regular vessel, as a tub, a cistern, or 
the like, and pour in as much water aa will just cover 
it, then take out the solid, and measure how much the 
fall of the water is, and so find the toliditjr of that • 
prt of the Tessel. 



1. Suppose a piece of wood or stone to be measured, 
and Huppose a cjlindrical tub S2 inches diameter, into 
which let the stoae or wood be put, and covered with 
water ; then, when the solid is taken nut, sunposp the 
fall of the water H inches; square S 2, ana mgltiplw 
«ia square bj .7854, the product will be 804 J496, tin 
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trea of the l)ase; whtcKr mcilti plied by 14, the ctefrth 
«r fiill of the water, the prodiret n 1 r25§.49, &c. which 
diTided by 1728, the quotient is 6^51 feet $ and so mach 
18 the solid content required, 

2. It IS reported that ifiiETOy kingof Sic%, famish- 
ed a workman with a qoantitj of gold to make a 
crown. When it came home, he suspected that the 
workman had nsed a |;reater alloy of silver than was 
necessary in its composition, and applied to «frcAi- 
med(>8f a celebrated mathematician of %racii8^, to dis« 
cover the frauds witboilt defacing the crown. He pro- 
cured a mass of gold and Isnother of silver, exactly of 
the same wei^t with the crown ; considering that if 
the crown were of pure gold^ it wonld be of equal 
bulk and displace ah equal quantity of water with the 
golden ball : and if of silver, it would be of equal 
bulk, and displace an equal quantity of water with the 
silver ball; but if avmiiture of die two', it would dis* 
place an intermediate quantity of water. . 

Now, for example, suppose that each of the three 
masses weighed 100 ounces i and that on immersing 
them severally in water, there were displaced 5 ounces 
of water by tne gplden, 9 ounces by the ailvert and 6 
ounces by the crown ; tben* their comparative bulks ate 
5| &, and 6. 

Prom 9 silver* From 6, crown* 

Take 6, crown. Take 5, gold. 

3 remainder. I remainder. 

The sum of these remainders il 4 ; 
Then 4 ; 100 :: 3 s75 ounces of gold, 
and 4 : 100 :: 1 : 25 ounces of silver. 

That is, the crown conststed of 75 ounces of gold^ 
and 25 ounces of silver. ^ 

See CoTBS* B^fdt&$»Litt p» S^« 
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CHAPTER III. 
IThe Measvmivg of Board and TiUbmr. 
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§ I. Of Board Me as vrb. • 
To find the Superficial Content of a Board or Plank, 



&Uf.S. 



Multiply the length by the mean breadth. IVhen 
the board is broader at one end than the other, add 
the breadths of the two ends together and take half 
the sum of the mean breadth* 

By the Carpenter^s Rule, 

» 

Set IS on B to the breadth in inches on A ; then 
against the ien^h, in feet, on B, you will find the sa- 
! perficies on A« in feet 

By Scale and Compasses^ 

Extend the compasses from 12 to the leng^th in feet, 
that ej^tent will reach from the breadth) in incheSt to* 
the superficies in feet. 

EXAMFLBS. 

1. If aboard be 16 inches broad, and 13 feet long; 
how many feet are contained in it ^ 

[ Multiply 19 bj IS, and the producjk 208 ; which 

divided by 12, gives 17 feet^ and 4 rematni(j^which is 
a third part of a foot. 
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Bjf the Carpenter's BuU» 
As 12 on B : !6 on A : : IS on B : 17^ on A. 

. By Scale and Compasses* 

Extend the compasses from 12 to 13t the length hi 
feet, that estent will reach from 16) the breadth in 
inches ^ to 1 7^ the superficies in feet 

2. What IS the value of a pla(fk, whose length- is ^ 
feet 6 inches, and breadth throughout 1 foot 3 inches ; 
at 2id. per foot ? Jins. 2 shill. 2^d« 

3. Required the superficies of a board, whose mean 
breadth is 1 foot 2 inches^ and length 12 feet 6 inches f 

m^ns, 14 feet 7 inches. 

4. Having occasion to measure an irregular mah<9g« 
any plank of 14 feet in length, I found it necessary to 
measure several breadths at equal distances from each 
other, viz, ^t every two feet. The breadth of the less 
end was 6 inches, and that of the greater end 1 foot:; 
the intermediate breadths were I foot, A foot 6 inches, 
3 feet, 2 feet, 1 foot, and 2 feet ^ how many square feet 
were contained in the plank ? 

•AffS. 19i feet ;— mean breadth 1 1 feet, found by divi« 
ding the sum of the breadths by their number* 

5. Required the vaUieof 6 oaken planks at Gd. per 
foot, each of them being 17,|^ feet long; and their se- 
veral breadths as follows ; viz. two of ISi inches, in 
the middle, one of 14^ inches in the middle, and the 
tworemaVfiing ones^ each 18 inches at the broader end, 
and 11^ inches at the narrower P Jins, Ll : 6 t 9^ 
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Saving the breadth of a rectangular l\anlc given in 
inches to find how much in length mil niake a foot, 
or any other assigned quantity. 

Divide \^%9 or the area ta be cut off, by the breadth 
in inches, and the quotient will be the length in inches. 

Note. To answer the purpose of the above- rule, 
some carpenter's rules have a little table upon thc^nii in 
the following form, called 

Jl Table of Board Measure, 















5 





H 


6 


12 


6 


t ^ 


3 


2 


2 


1 


I 


1 


2 


3 


4 


5 


6 


7 


8 



By this table you are to understand, that if the 
breadth be 1 inch, the lenG^th must be 12 (eet^ if 2 
inches, the length is 6 f^ ; if 5 inches broad, the 
length is 2 feet 5 inches,^&c. 

U the breadth be not conlniiied in tMe table on the 
rule shut the rule^ and look for the breadth in the 
line of board measure, which runs along the rule from 
the table of board measure, and over against it on the 
opposite side, in the scale of inches^ is the length re- 
required. Thus, if the breadth be 9 inches, you will 
find the length against 15 inches; if the breadth be 
14 inches, you wifi find the length a little above i^ in- 
. ches, &c. 

EXAMFLBS. 

1. If a board be 19 inches broad; how many inches 
in length will make a foot ? - 

Jins^ 7.58 inches* 



^ Tk$ Meniuralian of Timber^ 

3. From a mahogany plank 26 inches hroad, a yard 
and a half is to be cat off; what distance from the end 
mqst the line be struck i 

Sm. 74.7092 inches, or 6.23 feet 



f IL The Customary Method of Mbmsvuiitg 

Timber. 

I. The tustomary method of measoring round tim- 
ber, is to gird the piece round the midle with a string ; 
one fourth part of this girt s<)uared and miiltiplied By 
the length gives the solidity. Or, if the piece of tim- 
ber be squared^ half the sum of the breadth and depth 
in the middle is considered as the quarter-girt^and used 

above. 



II. If the piece of timber be very irregi^Iar, gird \t 
in several place equally distant front! each other, and 
divide the sum of their circumferences by their number,, 
for a mean circumference \ the square of one quarter 
9f the mean ciroumfereoce, multiplied by the lengthy 
will give the solidity. 

Note. If the circumference, be taken in inches,, 
and the length in feet, divide the last product by li4<. 
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HI. OOuTwise hy the foUowing Tahk for measuring 

Timber, 




w9rM. 



ar- 



Feet. 
3.250 
2376 
2.506 

—.*■"■ 
£.777 
2.917 
3.062 
3.209 



■ 



3.302 
S.516 
3673 
3.835 






4.000 
4.163 
4.340 
4.516 



{ 4.694 
4.876 
5.063 
5.252 



28 5.444 
28^ 5.640 

29 ' 5.840 
^9i 6.044^ 

30 I 6.350^ 



T2r 
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TheuBeoJ the Table. 

Mttltiplj the ftrea corresponding to the <|tiarter-gir 
in incheS) bj the leneth of the piece of timber in feet 
and the product will be the aoliditj. 

IV. By the Carpenter^s Rule. 

Measure the circumference in the middle of the 
piece of timber, and take a quarter of it in iachesy call 
this theg^rt 

Then set 12 on D to the length in feet on C| and 
against ihegirt in inches on D, jou will find the con 
tent in feet on C. 

y. By Scale and Compasses* 

Measure the circumference in the middle of the 
piece of timber^ and take a quarter of it in inches. 

Then extend from 12 to this quarter-girt, that ex- 
tent will reach from the length in feet, being turned 
twice over, to the solidity. 

NoTB. The buyer is allowed to take the girt any 
where between the greater end, and the middle of the 
tree, if it taper. 

All branches, or bou^s, whose quarter-girt, is not 
less than six inches, are reckoned as timber; and any 
part of the trunk less than 2 feet in compass is not 
considered a» timber. 

An allowance is generally made to the buyer on 
account of bark $ thus for oak, 4me4enth or orM-twetfth 
part of the circumference is deducted ; but the allow* 
ance for the bark of ash, beech, elm, be. is a small 
matter less, 

^ ' SXAMPLES. 

1. If a piece of square timber be 2 fe^t 9 inches 
deep, and one foot 7 inches broad $ and the length 16 
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feet 9 iBcfaes, (or^ which is the same tiling,* if the 
quarter*girt he 26 inches, and length Id feet 9 inches) 
how many solid feet are contained therein ? 



26 inches^ quarter-girt. 

26 

ld6 
52 



676 square. 

By the Tablii 

4.694 
16.75 



25470 
3^858 
281 64p 
4694 



16J5s^l6 feet 9 incfa^^ 
676 



10050- 

11725 
10050 



144)11323.00(78«63 feef;^ 



1243 



910 



460 



28 remainder^ 



78.62450 feet 



Note. The true content, measured as a parallel- 
•pipedon, § il. of chap. li. is 73.93 feet. See eiample 
4, page 1S7« 



* That is according^ to the castomary method of measuring 
mentioned at the beginning of this section. And when the 
breadth and depth of a piece of timber are nearly equal, this 
method is nearly true — Oth> rwise, the breadth in the middle^ i§ 
generally multiplied by the depth in the middle, and that product 
hfthe length. 

When the timber tapers regfularly, half the sum of the 
breadths of the two ends is the breadth in the middle, and 
half the sum of fhe depths of the two ends is the depth in 
the middle. 



r 
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By the Carpenter^s Rule* 
As Id Oft D : 16^ on C :: 26 Qfi D : 78| on C. 

Bj 8cak and CompoMes^ . 

Extend from 19^ to d6, that extent, being tanie<F 
twice ovei^will reach frem ]6| feet to 78 feet 

8. The quarter-girt of a piece of squared timber is 
%5 inchesr and the length 18 feet, required the 80«* 
lid it J? ^ns. 38} feet 

3. If a piece of squared timber be 25 inches square 
at the greater endf and 9 inches square at the less^ 
(or, which is the same thing, the quarter^girt in the 
middle be IT inches) and the length 2a feet; how 
many feet of timber are contained therein ? 

•ifrts. 40.13 feet 
Note. The true content, measured 'as the frustum 
of a square pyramid, $: YIL chap. II. is45»101 feet.. 
See example 4, page 1Q2. 

4. If a piece of squared timber be 32 inches broad 
and 20 inches deep at the greater end, and iO inches 



The quarter-girt rule never nf^nti with thii, except the 
dimensions of a piece ortimber in the middle be a true square. 
In every other case, when the timber is tapering, this rule 
gives the content too lUtle : and the quartev-g^irt rule is nearer 
the truth, until six times the square of the quarter-girt^ be 
exactly equal to the sum of the areas of the two ends, toge- 
ther with an area found by multiplying the sum of the bceadthv 
of the ends by the sum or their depths ; and then it is exactly 
true. Thus, in the 8th example following, tlie quarter*girt 
rule is nearer the truth than the rule given in this note : but 
when a piece of timber tapers very little, and its breadth difi 
ler-8 materially from the depth, the quarter-girt rule oug^t to^ 
be rejected,, and this rule in the note should be^ used instead: 
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broad and 6 inches deep at the less end, (ori which is 
the same thing, the quarter ji^irt in the middle be i7 
inches) and the length 18 feet; how many feet of ttm« 
ber are contained therein P Jins 55.11, &c. feet. 

Note The true content by § VII. chap. Ih rule 1> 
is 57.33 feet. , See example 5, page 163. 

5. If a piece of roand timber be 96 inches in cir- 
cumference* or the quarter-girt be 24^ inches, and the 
length 1& feet i how many feet of timber are*contain- 
ed therein ? Jim. 72 feet* 

Note. The true content^^ measured as a cylinder bj 
$ V. chap. ILis 9^1.6r feet See example 2, pa^ 149* 

6^ If a piece of round timber be 86 inches in cir* 
cumference, ov the quarter-girt^ 21^ inches, and th& 
length 20 feet ; how many feet of timber are contained 
therein? Jln$. Q4.S feet. 

NoYB. The true content, measured as a cylinder is. 
S 1.74 feet See examples, page 1 49* 

7. If a piece of round timber be 28.2744 inches in- 
circumference at the less end, and 113.0976 inches in 
circumference at the greater end, (or, which is the 
same thine, the quarter-girt in the middle bo 17.6715 
inches) and the length 24 feet $ how many feet of tim« 
ber are contained therein P Jtns* 52.047 feet 

Note. The true content, measured as the fiustum of 
a cone, by § VIIl. chap. II. is 74.22 feet. Vide p. 165. 

S. If a piece of timber be 136 inches in circumfer* 
ence at the greater end, and 33 inches in circumference 
at the less end, (or, which is the same thine, the quar- 
ter-girt in the middle be 21 inches) and the length 21 
feet; how many feet of timber are contained therein ? 

Ang, 64.31 feet 

Note. The true content, measured as the frustuca 
of acone^by $ VIII. chap. II. 92.34 feet. Tub 
page 163. 

9. How many solid feet are conbdned in a tree 
whose length is n^feet, andgirtsrin five place8» vi««. 
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in the firgt place 9:45 feef, in the second T.9% in 
the third, 6.15) in the feurth 4.7i| and in the fiftii 3.19 
feet I An»' 42 52 feet. 

To find. how much in lenzih will make a foot of an^ 
squared Timber^ of equal thickness from end to end. 

Divide 1728, the solid inches in a foot, bj the area 
of the end in inches, and the quotient will be the length 
•f a sulld foot, in inches^. 

Note. To answer ttie purpose of the above rule,, 
the carpenters* rules sometimes have a little table upon 
ihtm in the following foim, called 

J3i Table of Timber Measure. 







I 



0j9j0|l]|3|9| inches. 






144 



36 I 16 9 { 5 14 1 2 j 2 I 1 I ^eet. 



I I 2| 3|4|316 | 7|8|9| a^ide ot the sq. 



By this table yoo^ are to understand, that if the side 
of the square be one inch, the length must b^^ 144 fee^, 
if 2 iDches be the side of the square, the length must be 
36 leet, to make a solid foot* 

If the side of the square be not in. the little table 
look for it in the line of timber measure, running along, 
the rule from the table, and againlrt it, in the line of 
inches is the length required. Tnus, if the side of the 
square be 16 inches, jou will find the length to be Q« 
inches and 7 tenths, &c. 

EXAMPLES* 

1. If a piece of timber be 18 inches square, how 
much in length will make a solid foot P 

JinSm 5^ inches. 
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2< If ^ ^piece of timber be 22 iBehes deep^ and H 
incbes broad $ how much in leogth will make a solid 
foot? Jins* 5.23 inches* 

'SCHOLIUM* 

The foregoing section contains the whole substance 
of timber measuring, as practised in all timber yards ^ 
and though the method has been noticed as erroneous 
by various different writers for near a century past, it 
still stands its ground ; nor does it appear probable 
that it will soon be abolished. 

In measuring round timber by the foregoing method 
of taking a quarter of the circumference in the mid- 
dlcy'^for the side of a mean square ; it is. objected that 
it makes the content too little, and that such timber 
ought to be measured as a cylinder, or the false con- 
tent should be increased in the ratio of .0625 to .07&58» 
or as 11 to 14. 

But this objection is answered by sayiogt that be* 
fore the wood can be squared, and made fit for use, a 
great part of it goes to waste in chips, and therefore 
the quantity of round timber ought to be reckoned no 
more than what the inscribed square will amount to* 
Now if the circumference be 1, the area of the sec-. 
tion will be .07958^ the square of the quarter-girt 
40625) and the siiie of the inscribed square 225 ]| the 
square of which is .0SO67. Therefore to make the 
content by the inscribed square correspond with the 
G^iindrical content, it ought to be increased in the ra- 
tio of .05067 to .07958 or 7 to 1 1 which is a greater 
increase than 11 to l^ and therefore instead of the cpn« 
tent br the quarter-girt being too little^ it is on this 
consideration too much* 

Again, when you take the mean girt of a tree, it is 
^.ery probable that the tree in not perfectly circular 
Im that place, and the more it diflfers from a circle 
the greater tbe quarter-girt will be ^ so that if you 
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were to measure snch a tree is a eylinier^ \}j the pro* 

rrule for that purpose^ the content would in reuitj- 
too much on account of th« error in taking the 
girt. 

It is likewise objected that in round tapering tim- 
ber takine the side of a square in the middle of the 
piece makes the content too U^Uy and that even in a 
greater propoition than above. The answer given 
to this objection is^that in almost in all cases the great- 
er must be cut awaj till it be of t^iesame dimensions 
as th« less end, otherwise the timber cannot be sawn 
into useful materials ; and therefore there is no just 
reason for any objection to the role on- this ground $ 
and particularfvi as no general rule has hitherto beea 
published, of sufficient meriti to supercede the use of the 
quarter-girt rule. 

Dr. Sutton^ in the quarto edition of his Jlfeitsura- 
ion (published in 1770) p. 607, has given an easy rule 
for measuring round timber; thus, 

*« Multiply the square of one-fifth of the girt or cir- 
fiumference by twice the lengthy and the product tcill^ 
be the content (extremely near the truth.'* J 

Dr. Button says that many reasons may be alteg- 
ed for changing the customary method of measuring 
timber, and introducing this rule instead thereof, and 
the principal reason is, (see p. 614 of the quarto edi« 
tion of his MensurationJ <^ tne preventing of the sel- 
lers from playing any tricks with their timber by'cut- 
ting trees into difii^rent leneths, so as to make them 
measure to more than the whole did ; for^ by the false 
method, this may be done iti many respects.*' Mr. 
Bonnycastk gives the same probfems, ^< to shew the ar- 
tifices that may be used in measuring timber according 
to the false method now practised, and the absolute ne- 
cessity there is for abolishing it." 

It is rather singular that neither of those gentle- 
men should perceive, that the very same tricks and 
artifices may be practised^ with equal successy if Dr. 
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Buttov^B rule be used. The truth of these remarks 
wiU easily appear to those who are qualified to read 
Hie Doctor's demonstratioDS ; and those who are not} 
maj eonsttlt the following 

XXAMFLES. 

1. Dr. fliitton, p. 615, Prob. IV. 

Supposing a tree to girt 14 feet at the greater end| 
^ feet at the less, and 8 feet in the middle ; and that 
tile length be 32 feet 

Rule. If this tree be cut through, exactly in the 
middle^ the two parts will measure to the most poisU 
kle, by the eemmon methodj and to more than the 
whole. 

By the common Method. 

The whole tree measures 138 feet. 

The4n*eater end measures 121 feet. 

The less end measures 25 feet. 

« 

Sum 146 exceedr 
ing the whole by 18 feet. 

By Dr. EvMon^e Bute. 
The whole tree measures 1 83.84 feet 



The sreater end roeasdrea 154.88 feet* 

The less end measures SS, feet 



Sum 186.88 exceeding 
^e whole by 25.04 feet 

MMosurei as the Frustums of Conesm 
The whole tree measures 195.53856 (e%U 



The great end measures 1 57.88672 feet 

The less end measures 55«65 1 84 Eset 

Sam 193,53856 equal fo 
tbe^riiele^asilottght** rf 



n 
I 
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S. Dr. Sitftoii, p. 616, Prob. Y. 

Snppomng % tree to |;irt 14 feet at the ereater end, 
2 feet at the less, and its length to be 82 mt ; where 
most it be cut that the part next the greater end may 
measure to more than the whole^ by the customary 
measure ? 

KVLE. 

Cut it through (if possible) where the girt is 4 <^^^® 
greatest. This, according to Or. HftfUm^s roles, will 
be 7^ feet from the less end, and 24| fe«t from the 
greater end^ and the girt at the Election will be y or 
4f feet 

By the commtm Method. 

The 'greater i^nd measures - rS5|{ feet 
The whole tree measures • -128 feet 



Diff. 7|i so that the 

part ^cceedsitiw whole by 7 feet 

By Dr. HuUm^s Ruk. 

The greater end measures • 17344 feet 
The whole tree measures - 163 84 feet 

Diff. 9.60 so tbtt the 
part exceeds the whole by 9.6 feet 

d. Dr. Button, p. 6t7, Prob« YL 

Suppestng a tree to |irt 14 feet >«t the Si^^ ^^^9 
feet at 4^ less, and its length to be 82 feet ; where 

must it be iMit tifst the part next the greater end may 

measure exactly to the same as the Whole, t^y the cus* 

ternary method t 

By Dr. HutttmU rotes the lengths of the two parts 

must be 13.599 1 18 feet, and 1 8.400882 >feel ; ^abe .the 
;^rt at tiie section must be T.09966Sk'' 
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By the cammon J^hoim 

The greater end measures - • 128 Feet 
The whole tree measurea - • 128 feet 

Notwithstanding above | part 19 cut off the length. 

By Dt* Button^$ Rule. 

The greater end meaaurea - 163.8399 feetf 
The whole tree measures - « 1 63.Si feet, 
notwithstanding above ^ part is cut off the length. 

The following rules for Rtea8arin9;< timber are very 
aceurate, provided the dimensiona can he truly taken, 
and that ihe timber be in the form of a parallelopi* 
pedon, cylinder, frustnra of a rectangular pyramid^ or 
the frustum of a cone ; but for the reasons air ndy 
l^ived, it ia not probable that they will aver be brought 
into general use. 

riiOBLi(M I, 

T[oJmi the 8oKdity of Timber Scantlingj or Il9qwired 
Timber f being ofeqwd breadth and tiuekness throughm 
out. 

Multiply the breadth by the thickness, and that pro- 
duct by the length. 

Thus, you will 6nd the answer to the first exam* 
pie, p. 21 1, to be 72.93 feet, or 72 feet II inches. 

PnOBLBM II. 

To find the SoUdUy of a piece of Timber j euppoeing it 
to be PERFECT s.r cylindrical. , 

RULS. 

Multiply the square of one-fourth of the circmnfe* 
rence by the length : then say, as 11 is to 14, so is this 
content, to the true content.— ^Or^ use Dr* JETii^on's 
rule^ see page 26U 



I 
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• Thnf, TOO wHl find the answer to the 5th exanipte,^ 
page 2l$f to b^ 91 .03 feet; and to the 6th example 
UtM feet. 

PROBLXM III. 

3b find the tMidHtf ofSauartd Timber^ tapning 

reguiarij. 

Multiply the breadth at each end by the depth> and 
also the sum of the breadths bj the sum of the depths^ 
These three products added togetfier, and the sum.mol* 
tjplied by oae-sixth of the kagth, will ghre the so- 
iiuifr. 

Thus yon wilF ftnd the* answer to the 3d example, 
pa^re 219) to be 43.101 feet, and to the ^h example 
37.33. 

To find the Solidity of round tapering Timber f kav*^ 
%ng the Oirt or Circumference of the two ends gitM 
in inches^ and lAe length in feet, 

RULK. 

To the squares of the two circumferences add the 
square of their sum ; multiply this sum bj tlie length, 
cot off four figures from the right hand tor decimalss 
or move the decimal point four places to the left handy 
and Jl of the product will be the content. 

Thus, you will find the answer to the 7th exampfe* 
page 213, to be 74.SB feet} and the 8th example 92.54 
feet. 

NoTF. By taking the first example in iiieschMum 
page 317, you will find 

The content of the whole tree 103.931 feet. 



The content of the areater end 158.23 1 feet; 
The content of the less end 35.729 feet. 



Sun ll»3.9$0 equal to 

thte whole very nearly. 
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CHAPTER I¥. . 

Of Measuriing the Works of the several JtRTiriegMS' 
relating toBuiLDMiTG} anAwh«t Methods emd Cus^ 
fdms Are observed in doing i^. 



§ Of C4RP9»ystts* and JoiKERs* WmU. 



iHECarpenters' and Joiners' works, whlcb 4re in«t« 
svrablei are flooring, partitioiungi roofingi. wainscot*- 
ing&o. 

Ir Of Flooringi 

Joists are measured bj multiplying theiriireadih \^ 
their depth, and that product by their length* They 
receive various names according to the position in 
which they are laid to form a floor ; such as trimming- 
|oi8ts, common joists, girders, binding joists«> bridging. 
j,oi8ts, and cieling ioists. 

In boarded flooring, the dimensions must be taken i9 
the extreme parts, and the number of squares of 1M 
feet must be calculated from these dimensions* De* 
ductioos must be made for stairi-cases, chimneys, &c: . 

KX AMPLEST 

1. If a floor be 57 feet S inches nng, and S8 feet 
niches broad ; how many squares of fioorii^are thero 
ill that^room } 



ur 
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By Decimals, By Duodeeimah^ 
5TM ¥. I. 

2B.5 57 : 6 

■ ' 28 : S 



3a625 



45800 456 

11450 114 



28 : r : a 



100 I 1631.025 feet 7:0:0 



mmm 



Squares 16.31625 16 | 31 : 7: 6 

facU 10 squares and 5^1 foet 

3. Let a floor be 53 feet § inches long, tnd 47 feet 
inches broad i how may squares are cootained in that 
floor P Ans. 25 squares 54 feet^ 

3. A floor being 36 feet 3 inches long, and 16 feet 
d inches broad $ how many squares are contained in 
it t •flits; 5 squares 98 feet* 

4. In a flaked floef the girder is 1 foot 2 inches deep^, 
t foot bvoad, and 20 feet long ; there are 8 bridging 
joists, Hrhose seantlings (vix. breadths and depths) are 
3 inches bj 6^ incbeS) and 20 feet long ; 8 binding 
joists, whose lengths are 9 feet, and scantlings 8^ inches 
Dj 4 inches : the cieling joists arc 24 in number, each 
$ feet long, and their scantlings 4 inches bj 2^ inches. 
Bequjred &e solidity of the whole f dns. 72 feet. 

5. Suppose a house of three storiesi» besides the 

Soutid floor, was to be floored at /. 6 lOS. per saoare ; 
e house measures 20 feet 8 inches, by 16 feet 9 
inches ; there are 7 fire-places, the measures whereof 
are, twO| each of 6 feet by 4 feet 6 inches ; two other, 
each of 6 feet ^y 5 feet 4 inches ; and two, each of 
5 feet 8 inched by 4 feet 8 inches ; and the seventh, 
5 feet 2 inches by 4 feet. The well-hole for the stairs 
is 10 feet 6 inches by 8 feet 9 inches: What will the 
whQle eone to ? Jins. 1. 53. 13s. $^ 
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IL Cf Partitioning. 

Boarded partitions are measttred by the square in 
tiie same ntfinaer as flooring, and deductions must be 
made for doors and windows, except thfCj are iacluded 
bj agreement. 

The strongest partitions are those made with framed 
timber, alt the parts of which are measured as in 
foorio^i. except the king^postSf and these are of the 
same kind as in roofing, 4ib example of which will be 
given in the next article. 

XXAMPLKS. 

I. If a partition between rooms be in length 82 feet 
6 inches, and in height 13 feet S inches; how manj 
squares are contained therein P 

Jins^ 10 sauares 10 feet. 
' 12. If a partition between rooms • be in length dl fieet 
finches, and its breadth 11 feet 3 inches $ how many 
squares are contained in it ^ 

Ai8. 10 squares 53 feet. 

III. Of Rating. 

In roofine take the whole length of the timber 
for the length of the framing, and for the breadth eird 
over the riage from wall to wall with a string. This 
length and breadth must be multiplied together for the 

content 

It is a rule also among workmen, that the fiat of 
any bouse, and half the flat thereof, taken within the 
wails, is equal to the measure of the rool of the same 
house I but this is when the roof is of a true pitch. 
The pitch of every roof ought to be made according 
to its covering, which \n England is lead, pantiles, 
piaintiiesi or alates. The nsniti pitches, are the ped't- 



iiieDt pitchf used when the eovttms is lead 9 the per- 
pendicttlar height is j of the breadth of the building. 
T*he common, or true pitch, where the length of the- 
rafters are | of the breadth of the baildins ; this is 
Used when the coveriBg is plaintUes. The Gothic 
pitch) is when the length of the principal rafters is 
equal to the breadtit of the .bollding, forming an e<|ui" 
lateral triangle : This pitck is used wten the C0Terin£. 
is of pantiles. 

In the measuring of roofing for workmanship aloner 
all hofes for chimnej-shafts and skj-lights are gene*' 
rallj deducted. But in measuring for work and mate- 
rials, thej commonly measure in all sky-lights,, 
luthern-lights, and holes far the chimney shafts, on ac* 
oount of their trouble, and waste of materials*. 

BXAMFLBS. 

r. If a house within the walls be 44 feet 6 inches 
lone» and 18 feet 3 inches broad ; how many squares o£* 
eoonng will cover thai house f 

JTjf De^imah,^ By Duodecimals*^. 

18.25 F. I. 

44.5 44: a 

18:3 

9125 

7300 
7300 



Flat 812.125 

HaU 406. 




The flat 812 : 1 :6 

I00|]2 18< The half 406 

15«18 Sum 12 I 18 

FacU 1)8 squares 18 feet 



-. f 
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^. What cost the roofing of a house at lOs. 6d. per 
square ; the length, within the walls^ being 62 feet 
S .inches^ and the breadth 30 feet inches; the roof 
being of a true pitch ^ Jln9. Lit 129. 1 IJd. 

S. The roof of a house is of a true pitch ; and the 
house measures 40 feet ^ inches in length, within the 
wallSf and 20 feet 6 inches in breadth $ how many 
'squares of roofing are contained therein ? 

Jins. 13.45375. 

Note, All timbers in a roof are measured in the 
same manner as in fioors, except king-posts^ &c. such 
aa A in the annexed figure, where there is a necessity 
for cutting out parallelpieces of wood from the sidesy 
in order that tne ends of the braces B, that come 
against them, may have what the workmen call a 
square hutment. Fo measure kinff-posts for workman* 
sAtpy take their breadth and depth at the widest 
place, and multiply these together, and the product 
oy the length. To Jind the ^MntUy of materiaUf H 
the pieces sawn out 
are 2^ inches broad, 
or upwards, and 
more than Z feet 
long, they are con- 
sidered as pieces of 
timber fit for use. 

In measuring these pieces, the shortest length must 
always be taken, because the sawing of them from the 
diing^post, renders a part of them useless. The soli« 
dity of these must be deducted from the solidity of the 
king-post. When the pieces sawn out are of smaller 
dimensions than above described* the whole post ia 
measured as solid without any deduction, tiie pieces 
cutout being esteemed of little or no value. 

4. Let the tie-beam D, in the above figure, be S& 
feet long, 9 inches broad, and I foot 2 inches deep ; 
the king-post A 11 feet § inebes faighi I foot brQad> 
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at the bottom^ ami 5 ioches thick ; out of thts post 
are sawn two equal pieces from the sides, each 7 feet 
long and 3 inches broad. The braces B, B» are 7 
feet 6 inches long, and 5 inches by 5 inches square : 
the rafters K* £» are 19 feet long* 5 inches broad, and 
10 inches deep : the struts, C, Cf are 3 feet 6 inches 
long, 4 inches broad» and 5 inches deep. Required 
the measurement for workmanship^ and likewise foe 
materials ? 



F. 

"31 
4 
2 

13 



53 
1 



L P. 

6 : O solidity 
9 : 6^ solid it J 

7 : 3 solidity 
2 : 4 solidity 

11:8 solidity 



0; Qsdiidity 
£s d" solidity 



of the tie-beam D« 
of the king-post A« 
of the braces B, B« 
of the rafters K. R* 
of the stnits* C, C» 

ler workmanship, 
cut from the kiii|(-|osL. 



51 : 7:3 solidity for roateriaUk 



Waimcoiing is measured by the yard sqiiarey eoik> 
mting of 9 square feet. Tlie dimensions, are take» 
in fe^ and inches; thus, in taking the height of )% 
room they girt over the cornice, swelling pannels, and 
mouldings, with a string; and for the compass of the 
room, they measure round the floor. Doors, window- 
ahutters. and such like, where both sides are planed, 
are considered as work and half; therefore in mea-^ 
suring a room they need not be deducted, but the 
room may be measured as if there were none^; then 
the contents of the doors and shutters must be found, 
and the half thereof added to the content of the whole^ 
room* 



.i 
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Windows, where thei« are noisbuttersy must be de- 
ducted ; also chimneys, window-seatsy cheek-boardsf 
sopheta-boards, Hninga, &e. must be measured bj ih^m* 
selves. 

Weathef-boardjng is measured bj the yard square^ 
a nd sometimes by the square. 

Windows are generally made and valued by the 
foot superficial measure^ and sometimes at so much 
per window. When they are measured, the dimen- 
sions must be taken in feet and inches, from the under 
side of the sill to .the upper side of the topraiU for 
the height ; and for the breadth, from outside to out- 
side of the «jambs. 1 his length multiplied by the 
breadth will be the superficies. 

Stair-cases are measured by thii foot superficial 
aad the dimensions are taken with a string, girt 
over the riser and tread ; and ^hat length, or girtf 
nultiplied by the length of the step) will give the su- 
perficies. 

The rail is taken at so much per Toot in length, 
accordii|^ to the diameter of the well-hole ; archi- 
trave string'i>oards by the foot superficial ; brackets 
and strings at ao much per piece, according to the 
^workmanship. 

Door-cases are measured by the foot superficial, and 
the dimensions must be taken with a string girt pound 
the architrave and inside of the jambs, for the breadth ; 
and for the Jengtby add the lensth-of tke two jambs to 
the length of the cap-piece (taking the breadth of th« 
opening for the -length) the product of these two wiH 
be the aopei&ies. 

Trame doors are measured by the foot, or sometimes 
hj the' yard square, 

Modillion cornices, coves, &ic. are generally measufr. 
0A by the foot superficial. 

Frontispieces are measured .and valued by the foot 
superficiaK, end every .part is moasurad offNWteljTf oi^ 
luxbitrikv^iiriefief and coniicii. 
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SXAMPLXS. 

1. If a roonii or wainscot, beine girt downards 
over the mouldings, be 15 feet 9 in^es hishy and 120 
feet 3 inches io compass i bow many yards does that 
M^m contain ? 

By DuodeeinuAs^ By Deeimah 

136:3* 126.25 

15:9 15.75 



mMM 



630 63125' 

126 8837^ 

63:1:6 63125 

31:6:9 12625 



S:9:0 



1^)1988 : 5 : 3 



9)1988.43r$ 



-» 220^8 



JIns. 220.8 Ans. 220 yards 8 fee^ 

•3 If a room of wainscot be 16 feet 3 inches highi 
and the compass of the room 137 feet 6 inches ^ how 
nany yards are contained in it ? 

•tfns. 248 yards 2 feet, 

5' If the window-shutters about a room be 69 feet Q 
inches broad, iind 6 feet 3 inches higli} how many yards 
are contained therein at work and half ? 

Jins. 72.656 yards* 

4. What will the wainscoting of a room come to at 
• shillings per square yard, supposing the height o 
the room 9 including the cornice and moulding, be 12 
feet 6 inches, and tne compass 83 feet 8 inches; thre* 
window shutters, each 7 feet 8 inches by 2 feet 6 inch- 
es, and the door 7 feet bv 3 feet 6 inches ; the sbutteM 
and door being worked on both sides, are reckoned 
work and half r .Siia. k 36 4e. H^d. 



5b A rectangular room meftdures 129 feet 5 inches 
round) and is to be wainscoted'at 9s. 6d. per sqaare 
jard. Alter due allowance for girt of cornice, ftc. 
it is 16 feet ^ inches liigh ; the door is 7 feet by 3 feet 
9 inches ; the window shutters, two pair are 7 feet S 
inches bj 4 feet % inches $ the cheek-boards round them 
come 15 inches below the shutters, and are 14 inches 
in breadth ; the lining-boards round the door-way ^re 
16 inches broad ; . the door and window-shutters beina; 
worked 00 both sides, are reckoned as work and halt, 
«nd paid for accordingly : the chimney 3 feet 9 inches 
4>y J feet, not being enclosed, is to be deducted from 
the superficial content of the room. The estimate of 
the charge is required ? ttfas. 1. 43 : 4s. : 6|d. 



$IL Of Bmicklayer^ W^k. 

The principal is tiling, walling, and chimney-work. 

L Of Tiling. 

TiHng is measured by the square of 100 feet, as 
flooring, partitioning, ana roofing were in the carpen- 
ter's work $ so that between the roofing and tiling, the 
difference will not be much ; yet the thing will be the 
most; for the bricklayers sometimes will require to 
bave double measure for hips and rallies. When gut- 
ters are allowed double measure, the way is to measure 
the length along the ridge-tile, and by that means the 
oieasure of the gutters becomes double : it is usual al- 
so to allow double measure at the eaves, so much as the 
projection is over the platCi which is commonly abovtr 
iSorlSOiiiches* 



W 
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SXAMFLESi 



1. There is a roof covered with tiles* whose depth 
on both sides (with the usual allowance at the eaves) 
is 37 Feet 3 inches, and the length 45 feet ; I demand 
how many squares oC tiling are contained therein ? 



By Ihwdecimals* 
F. I. 
37 : 3 
45 :0 


By Decimals* 
37.25 
45 

18625 
14900 


185 
148 
11:3 


16 1 76.25 



I6|76 1 3 

Jlns, 16 squares^ 76 feet 

2. There is a roof covered with tiles, whose depth 
on both sides (with the allowance at the eaves) is 35 
feet 9 inches, and the length 43 feet 6 inches; i de- 
mand how many squares of tiling are in the roof f 

Jins, 15 squares 55 feet. 

3. What will the tiling a barn cost at ^.l 59. 6d« per 
gquare,,the length being 43 feet 10 inches, and breadth 
27 feet 5 inches, on the ilat> the eaves projecting 16 
inches 4)n each side ? «tes« /.24 9s. 5}d« 

II. €/ Walling. 

Bricklayers commonly measure their work by the 
rod square of 16 feet and a half ; so that one rod in 
length, and one in bread th» contain 272 25!^quare feet; 
for 16.5, multiplied into itself, produced 272.25 square 
Aet* But ia aome ([acea the custom is to allow 18 



feet to the rod ; tbst is, 6(24 square feet. And in 
some places the usual way is^ to measure bj the rod of 
21 feet long and 5 feet hidi, that iS) 63 square feet ; 
and here thej never regard the thickness of the wall 
in measuring, but regulate the price according to the 
thickness. 

When you measiife a piece of brick-work, the first 
thing is to enquire by which of these ways it must be 
measured, then, .having multiplied the length and 
breadth in feet top;ether, divide the product by the pro- 
per divisor^ vis;. 272.25; 324; or 63; according to 
the measure of the rod, and the quotient will be the 
answer in square rods of that measure. 

But commonly brick- walls, that al-e measured by the 
rod, are to be reduced to a- standard thickneas ; vi». of 
ft brick and a half thick (if it be not a^^reed on the 
contrary ;) apd ta reduce a wall to standard thickness^ 
tills is 

TI» BULK. 

Multiply thie nufflber of superficial feet that are 
found to be contained in any wall by the number of 
half bricks whicb that wall Is in thickness V one^third 
part of that product shall be the content in feet, redu- 
ced to the standard thicdmess of one brick and i^ 
half. 

SXAKVLE3* 

1* If a vail be 72 feet 6 incltes.losgv and 19 feet S 
• inches high, and 5 bricks and a half thick ; how many 
rods of brick-work are contained therein, when reduced 
to. the standard E 
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My Deeimak^ 

19.25 
72.5 



9&2^ 
3850 
1)475 

1595.625 
11 

5)15351.675 



Bv Bu^ecUmttU\ 


F. 


L 


72 


: 6 


19 


: 5 


648 




7« 




M 


: 1 : 6 


9 


: 6 -- 



272.25)51 17.291(iarodgy 



mf^ 



2394791 



58.06)216.79(5 quar* 
12.61 feet 



1595 : 7 : 6 
U 

3)15551 : 10 : (I 



«WIM«« 



272)5117 : (1« rods. 
2397 



■ 



68)221(1 qaartefBv 
i7 fett. 



NoTS. That 68.06 18 one-fourth part of 272^5^ 
and 68 is oae^fourth of 27Z. 

In reducing feet into rdds, it is usaaY to reject the 
odd partS) and cli?ide only by 272. as is done in the 
second waj or the last example; here the answer ft 
IS rods S quarters and 17 feet; about 4| feet more 
than by the first way, where it is done decioially ; a 
difference too trifling to be oonsidered in practice. 

To find proper IHviaors for bringing ihe *Snswer in' 
feetf or rods^ of the Standard thickness ; ibithoult 
multiplying th4 Superficies, 5y the number of half* 
bricks^ Sfo* 

Divide S^ the namber of half-bricks in li(, by the 
number of half-bricks in the thickness, the quotient 
will be m diYisori whieh will give tho answer in feet*. 



But if you wmild have a divisor to briiig'the answer 
in rods atonoet roaitiply 27i by tho divisor found for 
foot, and the prodnct will be a du visor for oeds ; m an 
the fdrilowing table* 



F 






of the wall. 

1 BHck 
1^ Bride 

2 Bricks 

3 Bricks 
5i Bricks 

4 "Bricks 
51 Bricks 



i. 



ill visors 
The thiokness |^-for the 

answer 
in feet; 

I. 

.75 
•5" 



•ft^ 



.S75. 
.27^7 



Divisors for 
the answer 
inrodsr 



i4m 



40t. 

27«. 

204. 

163.2^ 

130. 

102. 
74. 1 r 



I 



By Scale and Compasses.. 

liend the compasses from the tabnttr divi80^ 

S^inst the given thickness, io the ,leng;th of the wall^ . 
at extent will reach from the breadth ' to the con-'- 
tettt* 

Cfr tyihe Carpenters* Bide. 

' As the tabirlar drvisor, against the thickness of thV 
wall, is to the length of the wall ;.so is the breadth t9> 
tire content. 

Taking the preceding example, extend the compas-- 
aes from 74.17. to 72.5y that: extent will. reach trom^ 
19*25 to 1 8| rods. 

Sythe OarpenUr^i ttuUi. 

BAB A 

74^7 :72.ft:: 19.25 :18|' 



W8L 
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The dimeosioiit. of a boiidiog are generally takeB 
bj measoriitt half round the outade, and half roond 
the inside^ for the whole leneth of the wall ; thif> 
length beinv maltiplied by the height gives the super** 
ficies. And to reduce it to the standard thickness, &c*, 
proceed as above. All the vacuities, such as doorsj 
windows, window-backs, &c. mast be dedii€tBd. 

To measure an "arched-wajt arched-window,' or 
doors, &G. take the hetaht of the window, or door^ from 
tfie crown or middle ol the arch, to the bottom or sill $ 
and likewise* from the bottom or still to the spring of the 
arch, that is, where the arch begins to turn, llten to 
the latter height add twice the farmer, and maltiply 
the sum by the width of the window, door, &c» and one- 
third of the product will be the area, sufficiently near 
for practice. 

2. If a wall be 245 feet 9 inches long, tO feet 6 
inches high, and two brieks and a half thick ; how ma- 
ny rods of brick-work are contained therein, when re- 
duced to the standard thickness. 

Am^ 94 rods 3 quarters 24 feet. 

3. How many rods are contained in a wall ^%\ feet 
long, 14 feet 1 1 inches high, and ^1\ bricks in thick- 
ness, when reduced to the standard ? 

Jrs. $ rods 218 feet. 

4. A triangle sable-end is raised to the height of 15 
feet above the end-wall of a house, whose width is 45 
feet, and the thickness of the wall is 2^ bricks ; re- 
quired the content in rods at standard thickness ; 

Am. 2 rods 18 feeti 

5. Admit the end-wall of a house to be 28 feet lOv 
- inches in breadth, and the lieif^t of the roof from the 
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gtatrnd 55 fe^t « iDchest the gable (or triangular part 
above the side walls) to rise 42 courses of bricks, reck' 
oning 4 courses to a foot ; and that 20 feet high be 2^ 
bricks thick, 20 feet more 2 bricks thick, and the re- 
maining 15 feet 8 inches ]| brick thick ; what will 
the work come to at 1.5 16s. per rod, the gable being 
one brick in thickness ? dns. lAB 13s. 5|d# 



III. (Jf Chimniys. 



If jou are to measure a chimney standing by itself, 
without anv partj-wall being adjoining, then girt it 
about for the length, and the height of the story is 
the breadth ; the thickness must be the same as the 
jambs are of, provided that the chimney, be Wrought 
upright from the roantlcptree to the cieling, not deduct* 
ing any thing for thc$ vacancy between the floor (or 
hearth) and the mantle-tree, because of the gatheringa 
of the breast and wings, to make room for the hearth 
in the next story. 

If the chimney-back be a party*waU» and the waH 
be measured by itself, then you must measure tife 
depth of the two jambV, and the length of the breast 
for a length, and the height of the story for the breadth} 
at the same thickness your ^ambs were of. 

When you measure chimney-shafts, viz, that part 
which appears above the roof, girt them with a line 
round about the least place of th^.m, for the lengthy 
and take the height for the breadth : and if they he 
four inches thick, then you must set down their thick* 
Bess at one brkk-wonK ; but if they be wrought ^ 
inches thick (as sometimes they are, when they 8tau4 
high and alone above^ the roof,) then yoa roust account 
jour thickness 1^ brick, in coasiderativa of p'aatffing^ 
and the trouble us scafibldiDg. 
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It IB cafltomaiy, ia inMt filacet* to idlow doiMf 
■reuun ftir chiionijs. 



1. 8«p|H»e the Sgore, ABCDEFGHIK, to be s' 
ehimiM^ tNat halh a double fanne) towards the top^. 
wd a double shaftf.ABC. Then suppose in the par- 
lour, the breast IL and the two jambs HI and LK 
to measDre 18 feet 9 inches, and the heigjlit of the rnsia 
HK or la. tobelSfeet Sinches;— in the first floor 
let the breast sndthetwo jaaibsi vix. ab, girt 14 Feet 
tincbes, ind til* bei|;htiiDt be S> feet i-4o tin seeosd 



r 



of BrtcklayeTz^ tForkf ^e^ 9^ 

i0or let the breast and tbejanbay vix.. cc(» girt 10 feet S 
inehe^y and the height e B be 7 {eetv;-«-above- the roof^ 
let the compass of the shaft ABC be }5 feet 9 incheSy 
And its heipt AB^ feet finches ;. lastly, let the length 
•f the midale partition, which juurts the funnels, be 1.9 
feet, and its thickness I foot 3 inches : how many rods 
of btick-work, standard measure^ ar:e contained in the 
dbimnejy allowing double measure? 

F. I. F- I. 

1. 18 :9 1:3 

12 :» 12:- 



223 lO 15 : partiticfiiiK 

-rr— V. I. PtS. 



PdHK 234 : 4 : a 234 : 4 : 6 parlour; 

n.i. 130 : 6 : • firat fioor.: 
F. I. ri : 9 : " sec. floor. 

114:6 $9:4:6 shaft, 

9>: * ' 15. : • : - partitioih 



Btf B( ISO : 6 Feet. 541 : - : - sum» 



F. I. Teet 1082: -<:- double^ 

5. 10 ; S — 

7:- 272)1082(3. rods. 



* A 



Be Cd 71 :P 68)266(3 quarters^ 

in. ' 62 feet 

4. 13 :9 — 
6i6 , 

.^-r— *- Jns. 3 rods, 3 quarters^ 

82 ^ 6 and 62 feet, admitting 

6:10:6 the common thickness 

to be 1^ brick. 

ABC 89:4' :6 



NeTB. This chimney being meastired as if it were 
idf no Taoatt^y oit ^^^iogt for the fire-place^ ihi 



NexB 
selid 
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toy of the Boors, is drawn in the above figure. Aiab^ 
the jambs HIFa, .LK66, are supposed to be perpen- 
dicular to the breast iL« vix. HiLaoil ILK are right 
angles; the , same miiat be obsecved m die other tw#- 
floors.. 

^. Suppose the breadth IL of the breast of a chini- 
nej, imt^^s^iding in an angle, to be 7 feet S inches. 
i\\e depth HI or LK of the jambs 3 bricks thick ; 
the height of the room la l^ feet 6 inches ; the racuitj 
for the fire-ptace 4 feet high, 3 feet 6 inches wide, 
and 3 bricks deep. . The chimney and fire-place in 
each of the other tivo rooms are of the same dimeo* 
sions, but the height of the room aD is ] 3 feet ; and 
the jamh cB,. which is the same height as the story, 
10 feet 6 inches. The shaft BA stands 6 feet above 
the roof, and its compass is 10 teet ; also its thickness 
is estimated at H brick ; how many rods of brick- 
work standard thicktiess, allowing double measure,- 
are contained i& the chimney, deducting the three fire- 
places* Atts. 3Tod8 3 quarters 5 ttet. 



i III. Of PLAsrsRsus* Work. 

The plasterers* works are principally of two kinds; 
namely, i. plastering upon lath^, called cieling, and 
3. plastering upon walls^ or partitions madeof Iramed 
timber, called rendering. In plastering upon walls^ 
no deductions are made except for doors, windows, 
&c. but in plastering timber partitions in large ware- 
))ouses« &«. where severa4 of the braces and larger 
timbers project from the plastering, a fifth part is 
commonly deducted. Plastering between these timbers. 
is generally called rendering t>etween quarters. 

Whitening and colouring are measured in the same 
manner as plastering: as in rendeinng between these 
irrogfictiog timbers o»afifth-part is deducted^ so in cor 
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Inuring, it will be ^ecessarj to add ofke^fourth or 
9fie-fifth of the whole^ fqr the irpubte of coleuring the 
projections i. 

Plasterers' worl; Is measared by the yard square, 
eonBiating of Q square feet. In arches, the girt 
round them, multipiied by the length, will give the 
superficies. 

lEXAMPLBS. 

1. If a cieling be 59 feet finches lono;, and 24 feet 
^ inches broad ; how many jards does that cieling 
contain ? 

By JBuodecimals^ By Decimals. 

F. I. 59 75 

59 : 6 24. 5 

24: 6 ___ 



—....—. 29875 

236 23900 

118 11950 



29 : 10 : 6 .i— ..—..« 

T8$ 0:0 9)1463.875 feet 



9)1463 : to : 6 ^Ans. 162 66 yards. 

-t - I II _ II— yi r— mrr- 

: 162 yards 5 feet 

£• If the partitions between rooms be 141 feet 6 
inches about) ami 1 1 feet $ inches his^h ; how many 
yards are in those partitions ? ^ns. 176.87 yards* 

■ 3. What will be the expense of plastering a cie!** 
ing,at ll^d. peryaid* supposing the leBgth fi2 feet? 
inches, and breadth 13 feet 1 1 mdies ? 

AnsAA 13s. 5^d. 

4* There is a partition which measures 234 feet % 
inches round, and 14 feet 6 inches hi^h, this partition 
is rendi^iired between quarters, that is, it is made of 
framed timberf and the interstices are filled up wtttr 
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hth and pltstering. Tb^ Ittbing and plastering ^H 
be 8d. per yard^ and the l^luleiung 2d. per yard ; mhdk 
will the whole come te f * ' 

Ans. I IS 17s. Sjdi. 

5. The length of a room Is 14 feet 6 inches, breadth 
its feet t incl^Bi aad height 9 feet S inches, to the un- 
der side of the cornice, which projects 1S inches from 
the wall, on the npper part next the cieling ; required 
the quantity of reordering and plastering, there being 
BO deductions but for one door, the wzt whereof is 7 
feet by 4 ? 

Jlns^ 53 yards 5 feet of rendering, and 18 
yards 5 teet of cieling. 

& The circular vaulted roof of a church measures 105 
feet 6 inches in the arch, and 275 feet 5 inches in 
length s what will the frfastering come to at Is. per 
jutd f Jns. lAM I7s 5|d 



I IV Of PAjjitEMS^ tTark* 

Tie taking the dimensions of painters' work is the 
same as that of joiners, by girting over the moulding 
and swellins; paanels in tuLins; the height ; and it is 
but reasonable that they should be paid for that on 
which their time and colour are both expended. The 
dimensions thus taken, the casting up, and reducing 
feet into yards, is altogether ^e same as the joiners^ 
work, but the painter never requires work and half, 
but reckons bia work once, twice, or thrice coloured 
over. Only take notice, that window-lights, window- 
bars, casements, and such*iike things, they do ttao 
much a piece. 

tXAMPLES. 

1. If a room be i>aintedi» whose height {being gittt 
dver the mouldinp) is 16 feet 6 inchest and the com- 
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pass of the room 97 feet 9 inches $ how many yards are 
in that room ? 



By Duodecimals* 

F. I. 

97 : 9 
. 16 : 6 


By Decimals 

97.5 
16.5 


^84 

98 

48 : 10 : 6 


48875 
5S650 
9775 


9)1612: 10 : 6 


^)1612.875 



179: 1 179.2. 

Facit 179 yards 2 feet, nearly. - 

S. A gentleman had a room painted at S^d per yard, 
the ipeasure whereof is as follows ; the height 1 i feet 
7 inches, the compass 74 feet 10 inches, the door 7 
feet 6 inches by 3 feet 9 inches ; five window-shutters, 
each 6 feet 8 inches by 3 feet 4 inches, the breaks io 
the windows 14 inches deep and 8 feet hish ; the open* 
ing for the chimney 6 feet 9 inches by 5 feet, to be de« 
ducted ; the shutters and doors are coloured on both 
sides ; what will the whole come to ? 

j9ns. Z.4 6s.lld. 

3. Suppose a room were to be painted t and that its 
length is 24 feet 6 inches,- breadth 16 feet 3 inches^ 
ana height 1 2 feet 9 Inches ; also the size of the door 
7 feet by 3 feet 6 inches, and the si^e of the window- 
shutters to each of the windows, there being two, is 7 
feef 9 inches by 3 feet 6 inches; but the breaks of the 
windows themselves are 8 feet 6 inches high, and 1 
foot 3 inches deep ; what will be the expense of giving 
it 3 coats, at 2d. per yard each ; the size of the fire- 
place to be dedactea, being 5 feet by 5 feet 6 inches ? 

Jin s. /.3 3s. IQf • 
X 
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§y. Of Glaziers^ Work, 

Glaxiers take their dimensiona in feet, lochel, and 
eighths or tenths^ «r else in feet and hundredth parts of 
a foot, and estimate their work by the square-foot. 

Windows are sometimes measured by taking the di- 
mensions of one pane, and multiplying its superficies 
by the number of panes. But more ^eseralty, they 
measure the length and breadth of the window over all 
the panes and their frames, for the length and breadth 
of the glazing. 

Circular or oval windows, as iaa lights, &c. are 
measured as if they were souare, taking for their di* 
mensions the greatest lengtn and breadth; as a com- 
pensation for the waste of glass, and labour in cutting 
it to the necessary forms. 

Plumbers^ work is rated at so much per pound, or by 
the hundred-weight of I ] 2 pounds. 

Sheet-lead, used in roofing^ guttering, &c« weighs 
from 7 to 12 pound per square foot, according to the 
thickness. And a pipe of aa iEich bore weighs com^ 
monly 13 or 14 pounds per yard in length. 

EXAMPLES. 

I . rf a pane of glass be 4 feet 8 inches and 3 quar- 
ters long, and 1 foot 4 inches and 1 quarter broad 5 
kow many feet of glass are in that pane P 

By Iktodeeimals, By DecimaU^ 

F. I. P. 4..729 

4:8:9 1.354 

1 : 4 < S 



*Ml 



- 18916 

4 : « : 9 23645 

1 5 6 .'11 : 14187 

1-2:2:3 4729 



6:4:10:2:3 6.40306S 

•Ans. d.feet 4 inches* 
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2; If there be 8 panes of glass each 4 feet 7 inches 
» quarters long, and 1 foot $ inches t quarter broad ; 
how many feet of gl^s are contained in the said 8 
^"^^^ ^ns 53 feet 5 inches. 

j' 'l .^J'f *^^^ lO'panes of glass^ each ^ feet 6 inches 
and a half long, and 1 feot 4? inches 3 quarters broad ;. 
how many feet of glass are contained in them ? 

•Ans^ 99 feet 6 inches^ 

4. If a <vindow be > feet 5 inches high, and 3 feet 
5 inches broad ; how many square feet of gta2sfng are 
contained therein! Ms. 24 feet 9 inches. 

5. There is a house with three tiers of windows, 7 in 
a tier ; the height of the first tier is 6 feet M inches, 
of the second 5 h^t 4 inches^ and of the third 4^ feet 3 
inches ; the breadth of each window is 3 feet (5 inches \ 
what will the glazing come to at UJd. per foot \ 

dnf. L 24 88. 51^. 

6. What will the glazing a triangular sky-lij^ht come 
to' at 10(1. per foot ;_ the base being 12 feet « inches 
teng, and the perpendicular height 16^ feet 9 inches? 

Jlns. lA, 7s. 2| 

7. What is the area of an elliptical fan-light, of 14 
feet 6 inches in length, and 4 feet 9 inches in breadth ? 

Jlns. 68 feet 10 inches. 

8. What cost the covering and guttering a roof with 
lead, at 1 8s. .per hundred-weight; the length of the 
roof being 43 feet, and the girt over it 3^2 feet i the 
gutterins: being; 57 feet in length and 2 feet in bi^eadth ^ 
adttiittiDg a square foot of lead to weigh 8 J pounds. 

^)w. /.104 15s. 3|: 
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§V1. Of Masons? Work. 

Masons measure their work sometimes bj the foot 
solidf sometimes bj the foot superficial ^ and sometimes 
by the foot in length. In taking dimensions thej girt 
all their mouldings as joiners do. 

The solids consist of blocks of marble, stone, pit- 
Jars, columns, &g. The superficies are pavements^ 
slabs, chimnej-pieces, &c« 

Masons reckon all such stones as are above two 
inches thick, at so much per foot, solid measure. And 
for the workmanship, thejr measure the superficies of 
that part of the stone which appears without the 
wall. 

EXAMPLES* 

1. If a wall be 97 feet 5 inches long, 18 feet S 
inches high, and 2 feet S inches thick y how manj solid 
feet are contained in. that wall i 

By Decimals, 

' 97.4417 
IS 26 



By. Duo decimals 




E. 


I. 




fi7 : 


5 lentn 




18 : 


S breadth 


or height 


776 






97 






S4 : 


4 : S 




6 : 


: 


s 


1 : 


6 : 





4S7085 

1(^4334 
779336 
97417 



^ 1777.86025 

!777 : 10 ! 3 superficies. 2.25 

2 : 3 thickness. ■ 

— 889930125 

3555 ; 8 : 6 - 355572050 

444 : 5:5:9 255572050 



40O0 : 2:0:9 solidity. 4000.1855625 
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. 2. If a wall be lOr feet 9 inches long, and 20 feet 
6 inches high $ how many superficial feet are contained 
therein ? dns. 2208^ feet 10 inches* 

3. If a wall be 113 feet 3 inches Tone, and 16 feet 
6 inches high ; how many superficial rods of 6S square 
feet each, are contained therein i 

' JinSi 29 rods 25 feet. 

4; IVhat is a marble slab worth, whose length is S 
feet 7 inches, and breadth 1 foot 10 incheS} at 6s. per 
foot superficial? «tfns. /. 3i Is. Sd. 



f VIL Of Faviors^ Work; 

Paviours' work is measured bj the square yard, cob- 
iKSting of 9> square feet. The superficies is found by 
multiplying the length by the breadth.. 



£XAMFLE9« 

I What cost the paving a foot path at 39. 4d. per 
yard ; the length being 35 feet 4 inches^ and breadtn 9' 
feet3i{icbe8l 
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By VecinuUs. By Duodeeinudsm 

p» 1* 

55.358S kc. 55 : 4 

8^ a : S 



2S'2.66Q^ 282 : S 

8.8S3S 8 : la 



9)291 4999 &e. 9)2i^l : 6 



Hta 



d^.4d. 14)32.3888 &e. 3^. 4d. is|)3e.3 : d 

L5S9ii Feet - - - 5 6 8 

2a S»4 of 8 yard 1 1^3^ 

6»^ of 3^ feet O O 2.88 



8. 7.9620 



12^ I^ 7 11^ 21 



d. 1 1 .54440 

4 



mf^ 



2.1760 
•Ans. /.5 7s. l]|d. 

2. "What will the paving a eeurt-jard eorae to at 
59 4d. per yard, the length iMing £4 feet 5 inches^ 
and breadth 12 feet 7 inches ? Ms. L5 Ids. 9^d. 

3. What will be the expense of paving a rectangu* 
lar court^vardy its length bein^ 62^ feet 7 inches, and 
breadth 44 feet 5 inches ^ and m which there is laid a 
foot-path the whole length df ity 5^ feet broad, with 
flat stones, at 3s« per yard, the rest being paved with 
pebbles at Ss. fid. per yard ? Ms. ^.39 1 is. 3^d. 



^ me mdtng MtiH ^T 



CHAPTER Y- 



CtfOAVGilfG^ 



Gauging is the art of measuring and ffnding th^** 
contents of all sorts of vessels, in e;a1]ons, or cubic 
iRches J such as casks^ brewers' vessels^ 8cc. &c* 



Of the Sliding RuIb., 



The sliding rule is an: instrament» particularly use* 
fal in gauging, made generally of box, in the form of 
a parallellopipedon. TK^reare Tarious kind)*, but the 
most GotiveDient, or at least that which is most used in . 
the excise, was-- invented by Mr. Ferie, collector of the 
excise. 

Ist, The tine, marked A, on the face of this rule^ 
is called Chinter^s Rule^ and is numbered 1* 2. 3. 4. 5» 
'6. 7. 8. 9. 10. At 2150. 4d is a brass pin» marked MB, 
signifying the cubic inches in a bushel of malt ; at 282^: 
fs another brass pin, marked A, signifying the number 
of cubic inches in a gallon of ale 

2dly, The line marked B is on the slide, and is dt- 
vidt'd in exactly the same manner as that marked A} 
'there is another slide B, which is used along with 
'this ; the two brass ends are then placed together,, and 
ao make a double radius numberea from the left-hand 
taward^ the riglit. At 23 1^ on the aecood radiua^iaii 



248 Of the SUiing Bide; 

brass pint marked W, signirying the cubic indies io a* 
gallon of wine; at 314 is another brass pin, marked 
C), signifying the circumference, of a circle mrhose 
diameter is 1. The manner of reading, and using 
these lineS) is exactly the same as the lines A and B*^ 
described in chap* XL page 52, &c. 

Sdl^^ The back nfihe first radius^ or s2t(fe, marked B^. 
contains the divisors for ale^ wine, fna$h^tun gaUonst 
malti green starchy dry tAarck^ hard soap hatj hard soa]^- 
eold^ green soft soap^ white scft soap^fiint glass, S^c* ^e. 
as in the tablcv prob* 1, foliowing.— TAe back of the- 
second radius, or slide^ marked Bi contains the gauge- 
points correspondent to these diviserS) where^ S stands 
for squares, and G for circles. 

4thly^ The line M. D. on the rule, aignifymg malt 
depth, ia a line of numbers begintng at 3150.42, and 
is numbered from the left to tHe right-hand 2. 10. 9. 8i 
7. 6. 5. 4. 3. This line is used in malt gauging. 

Sthly, The two slides, B^just described, are alwayt* 
used together either with the Hoe A; MDj of the 
line D, which is on the opposite face of the rule to 
that already described. This line is numbered from 
the left-hand towards the ri^ht K 2. 3. 31. S^. which 
is at the right-hand end ; it is then continued from 
the left-hand end of the other edge of the rule 3S. 4* 
5. 6. 7. 8 9. 10, At ir.l5 is^a brass pin marked WG. 
signifying the circular gauge-point for win> gallons. 
At 18 95 is a brass pin marked AG for ale-gallons. 
At 46.37 MS signifies the Square gauge-point for 
malt bushels. At 52 32 MU signifies the round, or 
circular gauge-point for malt bushels. The line D on 
this rule is or the same nature as the line marked D' 
on the Carpenter's Rule, described in chap^ XL pag^ 
52. The line A and the two slides B are used toge- 
ther, for performing multiplication, division, propor- 
tion, &c. and the line D, and the same slides B^ are^ 
ttaed together for extracting the square root, &Ct 
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€thlyi The other two slides belongino^ to this rule 
are marked C, and are divided in the same manner, 
and used together, like the slides B, The back of the 
first radius or slide, marked C, is divided^ nex.t the 
edge, into inches, and numbered from the left-hand 
towards the right 1 . 2. 3. 4. &c. and these inches are 
again divided into ten equal parts. The second 
line is marked spheroid^ and is numbered from the- 
left-hand towards the right 1. 2.3. 4,5, &• 7. The 
third line is marked second variety, and is numbered 
1.^ S. 3. 4. 5. 6« These lines are used, with the scale 
of inches for finding a mean diameter, see prob. X. 
following. 

The tnird and fourth variety are omitted on this 
slide, and with good reason, for it is very probable 
that there never was a cask made resembling either 
of these forms* Ibe back of the second radius, or slide, 
marked C,. contains several factors Cpr reducing goods 
of one denomination to their equivalent value in those 
of another^ Thus [ X to Yi 6. | signifies that to re- 
duce strong beer at 8s. per barrel to small beer at 
XsAd, you must multiply bv 0* | VI. to X. 17. | signr* 
fies that to reduce small beer at Is. 4d. per barrel 
to strong beer at 8s. per barrel, you must multiply 
b^ .17. I C 4s. to X. .27. I signifies that S7 is the muU 
tiplier for reducing cider at 4s. per barrel to strong 
beer at 8s. &c. 

7tkly, The two slides C, just described, are alwaya 
used together, with the lines on the rule marked seg. 
st, or S&, segments standing *, and seg> ly or SL» seg- 
ments, lying, for uilaging casks. The former of these 
lines is numbered 1. 2. 3. 4. 5. d. 7. 8, which stands 
at the right hand end ; it then soes on from the left- 
hand pa the other edge 8. 9. lO^&c to 100; the latter 
is numbered in a similar manner, l. 2. 3. 4, which 
stands at the right-hand end -, it then goes on from tb^c 
left-hand on the other edge 4. 5. 6. to lOl), &&. 
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PHOBLBK I. 

To find the several Multipliers^ VivisorSf and Oau^'^ 
points, belonging to the several Measures now usedin' 
England, 

For Square figuree, the following multipliers and 
divisors are to be used : 

^ «82)1 O00O(.0O3546 multiplier for ale gallons. 
^ S3l)l.(^000(.0C)4329 multiplier for wine gallons. 

268.8)l.0()0( 0()37202 multiplier for malt gallons. 

21.-0 4.2)1.000v C0046502 multiplier for malt bushels. 

227)l.O0O(.O0405 multiplier for mash-tun gallons. 

So, if the »oiid inches m anj vessel be multiplied by 
the said multipliers, the prbduct will be the gallons ia 
the respective measures 5 or dividing by the divisors 
282, 231, or 268.8.; the quotient will likewise be gaU 
Ions. 

Note. That 28a solic) inches is a gallon of ale or 
beer measure ; 231. solid inches is a gallon of w:ne 
measure; 268.8 solid inches isagalloU} and ^150.42^ 
solid inches in a bushel of malt, dr corn measure. 

For ciriiular areas, the following multipliers and dU 
visnrs arn to he used : 

282) 785398(.002785 multiplier for ale gallons. 

231) 785398(.003399 multiplier for wine gallons. 

.r853^'8;282.(35Vi 05 divisor for ale gallons. 

.7^ 5398)23 1. (294 12 divisor for wine gallons. 

.7853^8)2150.42(2738 divifeor for corn bushels. 
The square root of the divisor in the gauge-point. 

rru^ *««..« ^^'^4. i Ale measure, is 16.79 

The gauge-pomt Kyine measure is 16.19 

for squares in l^alt bushel, is 46 sr 

The gauge-point f Ale measure^ is , 18.95 

for circular fi- < Wine measure 9 is 17.15 

gures in (_Malt bushel, is 52.32: 

And thus the nudfters in the following table werei cal-- 

^lated. 
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♦tJfl^J'-'V*^''" '"'.PP*'"" '"*•'« practice of gaueiDir, 
ttat when the one given number is set to the mus^ 

Sirirtt'r''''^^"'*' *« other given nnmbefw^ 
Sies»ri to i'nV'*""^ *3 many^ases it will be 
^« !!7-i ""^ ^ **•'""*'' <* new gauge-point.— 
2L^^ '^"S^'P"^"*' "" thesquarl roots «f lo 
femes the diviaors m the above toWe. ^ Thus for «iuare^ 
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ihe new gauge-point for ale isSS.lO, for wine 48 M| 
for malt-bushels 14^6 1 and for circles, the newgauge- 
TH)int for ale is 52.02, for wine 54,23, and for malt- 
bushels 16^4$ 

By the Sliding Sule. 

Set I on B, to the old gauge-point on D, and against 
iihe other 1 on B|i8 the new gauge-point on IX 

9R0BLEM n; 

To find the Area in Me or Wine galUms^ of any reeiUi' 
neal plane Figure^ whether triangular^ quadrangtdar^ 
or multangular* 

To resolve this prcfclem, yoa must, by chap. L part 
31. find the area in inches and then bring it to gallons, 
bj dividing that area in inches bj the proper divisory 
viz. by 283 for ale» or by 1S31 for wine ; or else by mol- 
iiplyiog by .003546 for ale or by .004329 for wine 5 and 
the quotient or product wiH be the area. 

SXAMPIfE. 

I. Suppose a back or cooler in the form 0? a paral- 
lelogram, 250 inches in length, and 84.5 inehes is 
breadth ; vihat is the area in ale or wine gallons ? 

Multiply 250 by 84.5, and the product is 21125, 
the area in inches, which divide by 282, and the quo* 
tient is 74.9 gallons of ale ; or multiplied by •003546, 
the product is 74.90995 g;allons, nearly the same ; and 
if 21135 be divided by 23 J, or multiplied by .004329, 
it will give 9h4S gallons of wine. 

Note. The areas of ail plane figures, in gauging, 
are expressed in gallons | because there will be the 
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9 

Sftme number of solid inches in any vessel of one inch 
tleep, as there are superficial inches in its base $ so that 
what is called by gaugers a surface, or area^ is ia reali- 
ty a solid of one inch in depth. 

Btf the Sliding Rule* 

on A. on B. on A. on B. 

As 2«2 : 84.5 :: 250 : 74.9 
As 231 : 84.5 :: 1^50 : 91.45 

3. If the side of a square be 40 inches, what is the 
area in ale gallons ? Jlns. 5.67 gallons* 

3. The lon^st side of a parallelogram is 50 inches ; 
the shortest side 30 inches; what is the area, in ale 
gallons ? Jins. 5«32 gallons. 

4. The side of a rhombus is 40 inches, and its per- 
pendicular breadth 37 inches; what is its area in ale 
gallons? Jins, 525 gallons; 

5. The length of a rhomboides is 48 inches, and its 
perpendibular breadth 32 inches; what is its area in 
wine gallons? tins. 6.65 gallons. 

6. The base of a triangle is 60 inches, and its per* 

I»endicular 23.5 inches ; required its area in ale gal- 
onsP *An8, 2.5 gallons. 

7. The diagonal of a trapezium is 60 inches, and the 
two perpendiculars from the opposite angles 15 and 27 
inches ; what is its area in ale gallons ? 

Jns. 4.47 gallons. 

8. The side of a pentagon is 50 inches, what is its 
area in ale gallons P ^ins, 15.25 sallons. 

9. The side of a hexagon is 64 inches, and the per- 
pendicular from the centra to the middle of one of the 
sides 55 42 inches ; required its area in alCf wine gaU 
lons^ and malt bushels ? 

r 37.73 ale gallons. 
dn8.< 46.06 wine gallons. 
(. 4.94 malt bushels. 



(254 Of Gauging. 



FEOBLBM ni. 



The Diameter of a Circle being e^ven in inches^ to find 
the Area of it in Ale or nine gallom^ 4*^. 

If the square of the diameter be multiplied bj 
.002785 for ale, or by .003399 for wine 5 or if it be di- 
vided bj 319.05 for ale, or by 204.12 for wine/the pro- 
ducts or quotients will be the resspective ale or wine 
gallons : far an^ other denonHination^ use the proper 
multiplier or divisor in the table. " ^ 

EXAMPLES. 

1. Suppose the diameter of the circle be 32.6 inches^ 
what will be the area in ale »nd wine gallons ? 
The square of 32.6 is 1063 76. ' 
Then 359.05 ;1 062.76(^2.2592 area in ale gallons. 
And*294.13')1062.7(i( 3.6133 ar<;ain wine gallons. 
Or 1062.76x.0027H6»2 9598 ale gallons. 
And 1062«76x.0034»3.6l33 wine gallons. 

By the Sliding Ruk* 



on D. on B. 


on D. on B. 


As 18.95 : 1 


: : 32^ : 2.^6 


As 17.15 : 1 


: : 32.6 : 3.61 



The two first terms are the circular gauge^poinis j 
«ee the table. 



2. If the dian>eter of a circle be 45 inches, what is 
its area in ale gallons P Ans 5.64 gallons. 

3. If thediameterof a xircle be 68 inches; required 
its area in ale and wine gallons, and n^alt bushels P 

1*12.87 ale gallons. 
^RS.< 15.72 wine gallons* 
1 1 168 malt busheist 
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PROBLEM jr« 



The Tansverse^ or Longer Diameter^ and tt« Conju- 
gates or Shorter Diameter, of an Ellipsis being giveUy 
to find its Area in Me or Wine gallons. 

If the rectangle or product of the two diameters 
that is, of the leni^th and breadth of an eilipsiS) be di- 
vided by 339.05, or multiplied by .002785 for ale, op 
divided by 294<. 12, or multiplied by .0034 for wine, the 
<|]uotient or product will be the ale or wine gallons re-^ 
quired. And for any other dienomination use the pro* 
per divisor ov multiplier*. 

BXAMPLES. 

1. Suppose the longer diameter be 8^1. 4* inches* and 
the shorter diameter be 54^6. inches ; what will be the 
area of that ellipsis in ale and wine gallons ^ 

Multiply 81.^ by 54.6, and the product is 4444.44;. 
theoi 

359.05)4444.44(12 58 area in ale gallonsv 
294.12)4444.44(15.11 area in wine gallons. 
Or 4444.44X 002785 — 12.38 ale gallons. 
And 4444.44x.0034s=:15.1 twine gallons. 

By Sliding Ruk. 

en A. on B. on A. on B. 

As 359 : 81.4 :: 54.6 : 12.4 ale gallonsv 

As 294 : 81.4 :: 54.6 ; 15.1 wine gallons. 

S. The transverse diameter of an'ellipsisMs 72 inches^ 
conjugate 50 inches ; what is its area in ale gallons I 

Ans* 10 gallons. 
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3. If the transverse diameter of an ellipsis be 70 
inches, conjugate 50 inches; what is its area in ale 
and mue gallons^ and malt bushels ? 

9.74 ale gallons 
Ans.-l 11.90 wine gallons, 
malt bushels. 



leis r 

r 9.74 
hi 11.90 

i 1.27 



PROBLEM V, 



To find the Content in Ale or Wine Gallons of any 
Frism^ mhatsoever form its base is of 

■•■« 

First, find its solid content in inches (by sect L 
JI. III. of chap. II. part II.) then divide that content 
in inches by 282 for ale, or bj 231 for wine ^ the 
respective quotients^ will be the content in ale or wine 
gallons. 

Otherwise, you may find the content of a prism, by 
finding the area of its base in gallons (by problem II. 
of this chapter) and multiply that area by the vessel's 
height or depth within, the product will be its content 
in gallons. 

EXAMPLES. 

1. Suppose a vessel, whose base is a right-angled 
parallelogram, its length being 49.3 inches, its 
breadth S6.5 incheS} and the depth of the vessel it 
42.6 inches; the content in ale and wine gallons is re* 
quired ? 

The lengthy breadth, and depth, bein^ multiplied 
continuallv, the product is 76656.57 ; which divided by 
28^% the quotient is 371.83 ale gallons : and divided 
b, 231, the quotient is 331.84 wine gallons: and by 
d'i\idji»jj; by 2152.42, such a cistern will be found to 
bold 35.65 bttsbela of corn* 



/^ 
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By the Sliding Rule* 

en B. on D; en*B, on D. 

Ma the length : length : : breadth : mean proportion 
on D. on B. ^ on D. on B. 

Assqu.sauge p. : depth : : mean proportion : content 
on B. on D. on & on IK 
viz. 49.3 : 49.3 : : 3tf.5 r 42.42 
on D. on B« 

16.791 «n R no n r27l.83alegal, 
15.19 



4^.37 



1 «« n «tt n r27l.83 ale saL 
f on B. on u. J aoi o^ ^1 

J • *^'^ • *^-*^ • t 35.65 malt bush. 

2. Each side of the square base of a vessel is 40 
inches and its depth 10 inches ; what is the content 
in ale gallons ? .ins. 56.7 gallons. 

3. The length of a rectangular parallelopipedon is 
72 incheS) breadth 33 inches^ and depth 82 inches ; 
required the content in ale and wine gallons^, and malt 
bushels ? 

r690.89 ale gallons^ 
•^8. < 843 42 wine gallons. 
(] ^061 malt busiiels. 
4r. The diameter of a cylimlrical Tassel is 32 iachesi 
the internal depth 45.5 inches ; required its content in 
ale and wine gallons, and malt bushels? 

r 129.78 ale gallons;* 
JinsA 158 47 winegallons« 
(^ i7.0i malt bushels* 



PROBLEM YI.. 



2b find ike Content of any Vessel whose ends are 
Squares^ or Rectangles of any dimensions^ 



EULB. 



MiJiltiply the sum of the lengths of the two ends by 
the sum of their breadths, to which add the areas <rf 
the two ends 3l this sum multiplied by one-sixth of the 
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depth will give the solidity in cubic inches ; which di- 
▼ided by 282.231, or 2150.42 will give the conteuit in 
ale gallons, wine gallons, or malt bushels. ^ ^ 

EXAMPLES* 

1. Suppose a vessel, whose base4 are paralletograms : 
the length of the greater is 100 inches and its breadth 
70 inches ; the length of the less base 80, and its 
breadth 56, and the depth of the vessel 42 inches ;. 
the content in ale and wine 0illon9 is required ? 

180»l00+80t ^um of the lengths I of the two 
l^Q^ 70+5a, sum of the breadths y ends. 

22(>80 product. 
7000 area ot the greater base 8=100X70. 
4480 aiea of the less base»80x5a. 

54160 sum.^ 

7 one-sixth of the depth* 

- 239 1 2n solidity in cubic inches.^ 






282)239 1 e0(847 .94 ale gallons. 
23 1 )t39 1 20( i 035. 1 5 wine gallons* 

By the Sliding Ruk. 

Find a mean proportional (83.66) between the length 
and breadth at the greater end, and a mean propor- 
tional (66.93) between the length and breadth at the 
less end; the sum of these is ]5a59, twice a mean 
proportional between the tength and breadth in the 

middle* Then 

on D. on B. on D. on B. 

16.79 : */ : t 83 66 : 173.7 

: : 66 9S I 111.2 

: : 150.59 : 563. 

847.9 A. 6. 
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The content in wine gallons may be found by using 
che wine gau^e -point. 

2. E'^ch side of the bottom of a vessel in the form 
of the frustum of a square pyramid, is 27 inches, ^acb 
side at the top 1S.8 inches, and the depth 21 inches f 
required the content in ale gallons P 

Jins. 32 07 gallons.. 

S. There is a tun, whose parallel ends are rectan* 
|;le8y the length and breadth of the top SQ and 32 
inches ; the length and breadth at the bottom 48 and 
40 incheS) and the depth 60 inches : required th»' con- 
tent of the tun in ale gallonsy wine gallons, and malt 
bushels? C 323.41 ale gallons. 

•4ns. < 394.80 wine gallons.. 
(, 42.4 malt bushels* 

raoBLEM vn. 

Tojind the Content of a Vessel, whose bases are paral- 
lel and cUcularf U being the Frustum of a Cone* 

&VLB. 

To 4hree times the product of the two diameters 
jkdd the square of their diiference, multiply the sum 
by one third of the depth, and divide the product by 
the proper circular divisor, virt;. 359.05 for ale, 294.1^ 
Id wine, and 2738 for malt bushels, &c. and the quo** 
• tient will be the content accordingly. 

BXAMFLBS* 

I. Suppose the greater diameter 80 inchesr and the 
lessdiamvter 71 inches, avd the depth ,3^3^ 4ncbes^ the 
coAteat inid^ and wine gallons is reqi^red? 
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80 greater diameter. , 71 less diaiireter. 

71 le»8 diameter. 80 greater diam; 

9 difference. 5680 prodact. 

9 3 



81 square oC the diK nOiO 

81 square of diff. 

3)171^1 sum. 



350 .05) 1 9403 1 ^5 40 -42 A. G. 
294.12)194038(659.72 W. G. 5ror 

34 depth. 

194038 product^ 



Tn the above example^ instead of luultipljing the 
sum by one-third of the depths one-third of the sutt* 
is multiplied bj the whole depths which, amounts to* 
ikkt 8Ame» 

By the SHding Rule. 

Find a mean proportional between the two diane*^ 
ters: Thus, 

on B. on D. on B. on D. 

80 : 80 : 71 : 75.36; again 

Set 1 8.95 on D to 1 l^Cone-third of the depth) on Bl 

And against 71 on D stands the content on B 159.09 

against 75.36 on D stands the con ent on B 179.23 

against 80 on D stands the content on B 202.00 

Smn is the whole content 540.3^ 



In the same manner the content in wine gallons maj 
be found, using the wine gauge-point. 

2. The greater diameter of a conical frustum is 38 
inches, the (ess diameter 20.2^ and d%pth 21 inches i 
required the content in ale gallons ? 

•Ais, 5h07' gallontf» 



361 

$. The top diameter of a conical fruBttim is 32 

iDches, boftumdiapeter 40 inches, and the depth 60 

inches ; required the content in ale gallons, wine fal- 

Fuii, and malt bushels ? pes.is ale g»lloriB, 

Jns.-{ 201.55 wineKallon*. 

L 21.63 malt bushels. 



To Gauge and Inch a Tun in fheform of the Frwtam 

of a Cone, and to make an allowance for the drip or 
fait- 

The inching of a tun, or vessel, ia finding hMv much 
liquor it will hold at every inch of its depth. 

When a vessel does not stand eieii, or with its 
base parallel to the horizon, the quantity of liquor 
mDn, which will just cover the bottom, is called the 
drip nr fall of the tun. 

Let water bs poured into a tun till the bottom it 
just covered, which will be when the wat<T touches 
the point m, and suppose the measure of the wftter in 
this case to be S0.92 gallons. 

Find tho horizuQtal line PB, which will be parallel 
torn R, the surface of the liquoi ; the line FB wiU 
re;)resent the surface of the liquor when tiie vessel is 
full. 

Find the perpendicular depth o n to the surface of 
the liquor, which suppose to be 26 inches. 

Take mean diametera pa- 
rallel to FB *»d m n at every 
6 or 10 inches depth. Sup. 
poae the first mean diame- 
ter aa at 5 inches from FB 
to be 83 6 inches ; the secor4 
mean diameter 6 6 at 15 iDch> 
esfroiu FB=78.7 inches and 
the third mean diameter c c 
«t 23 inches from FB=74.5 inches. 
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Find th« areas correspondent to each ef tiiese dt- 
smeters, as in the third column of the rullowin^ ta- 
bU, muiti|)lT these areas by their respective depths 
and you will have the fourth column. I<utly, these 
eontenU heing biw^ht into barrels, &c. allowing; 24 
galloDS to a barrel, and 6^ gallons to a firkiUi will give 
the remaJQingcotiiuins. 



Now to find the content at every inch of the di>pth 
reduce the first area I9.46d into barrels, &c. and it 
will be 2 F. 2.465 G. which subtracted from the 
whole content 1+ B. 1 F. 6.32 G. leaves 13 B. SP. 
S.%55q G. the content when I inch is dry ; and thua 
continue aubtracting the first area from the several 
remainders until 10 inches are dry, when there will 
remain 8 B. 2 F. 7.17 G.— Then take' the second 
area 17^5, having; first brought it into firkins, &c. 
and subtract il from the l&at remainder, and thus 
continue to do till you have 2U inches drv^ when there 
will remain 3 B. 3 F. 4.67 G. I^st!y» take the thirtl 
area 15.458, having first brought itjnto firkins, &c. 
and subtract it from the area when QO inches are 
dry ; and thus proceed tili you have 26 inches dry, 
and there will serve in if yuu have made no mistake, 
S P. a.42 G. the quantity of liquoc cooUined io the- 
drip or falL 
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26S 



The p^>int F may be marked as a constant dripping 
plactv and the several contents entered into a dimen- 
sion book. Then to find how much liquor there is 
in this fixed vessel, at any future time, take the depth 
«f the liquor, and against that depth in your table yo« 
vill find the content. 



PROBLEM XX« 



To Gauge a Copper. 
Let ABCD be a small copper to be gauged. 

Take a small cord of packthread, make one end 
fast at A, and extend the other to the opposite side 
of the copper at B, where make it fast. Then with 
some convenient instrument take the nearest distance 
Irom the deepest place in the copper, to the thread, aa 
aCf which suppose to be it inches. 




tiin IhP r™f 1V''* ^'^^ ^°^ ""^^^^ instrument or rule 
XLifn ♦r lu*''^^'^^^ ^* ^' ^"^ ♦ake the nearest 
tt s subtJ^^^^^^^^ 5''*^' ^' ^^^ ^'^^^'^ ^"PP««« *2 '«<^hes 
iSitSr^^^ ''^ ^' ^-*--- 5 is the 
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.To find CD» the diameter of the bottom of tiie 
crown. 

Measure AB, the diameter of the top» which admit 
to be 99 inches ; then hold a thread so as a pi am met 
at the end thereof maj hang just over C| by whidi 
mean's you will find the distance Aa. Do the like on 
the other side : so will jou find also the distance, 
which suppose 17.5 inches each ; add these two toge- 
theri and subtract their sum fviz. 35} from 99, and 
the remainder is 64 inches equal to CD, the diameter 
at the bottom of the crown. The diameter hk^ which 
iouches the top of the crown, may be found, bj mea^' 
suring, to be <$5 inches. 

Now to find the content of the copper from the 
crown upwards, that is the part ABM, the depth ^i 
being 42 inches, you may take the diameter in the mid* 
die of every 6 inches of the depth, which suppose to 
be as in the second column of the following table, the 
numbers in the third column are the respective areas 
in ale gallons, found by prob. ill. the fourth column 
shews the content of every 6 inches ; all which being 
added together^ the sum will be the content of that 
part, ABkh ; that is, so much as it will hold after the 
xrown is covered. 

Now, if the crown be taken for the segment of a 
sphere^ the content (by the latter p&rt of sect. Xi. p. 
74.) will be found to be 28*75 gallons. 

But may be more readily found, very near the truths 
thus : 

The diameter CD was found to be 64, and the area 
to this diameter is 11.408 ; this multiplied by half the 
crown's altitude, viz, bj 2.5, gives 28.52 gallons, the 
content of the crown* 

The content of the part hkDC is 57.935 gallons ; 
from which subtract the content of the crown, 28.52, 
and the remainder is 29.415 gallons, and so much li- 
quor will just cover the crown. 
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y 



Parts 
of Ike 
depth. 



6 
6 
6 
6 
6 
6 



Diam. 



L 



95.3 
9a I 
85 
80. 
75 2 
70 5 
66.1 



Areas* 



25.2945 
22.6095 
20 1223 
1 7 8246 
J 5. 7499 
13.8426 
12.1310 



I he sum - ... . • 
To just cover the crowQ - - 



•^wm 



Content of 
every six 
inches* 



151.767 

135.657 

120.734 

106.947 

94 499 

83 056 

72 792 



765.451 
29415 



The whole content - - - - - 794 866 



The conteots Id the last column may be brought in* 
to firkins and barrelS} and then the content at everj 
inch indppthyas in the Vlllth problem, may be found 
and catered iato the dimension book. 



PROBLEM X* 



To compute the Content of an^ close Cask* 

In order to perform this difficult part of sau^ingi 
the three following dimensions of the cask must be 
truly takea : 

r The bung-diameter, 
Vix. 4 llie head-iiiameter, 
(^ The length of the cask 

Id taking these dimensions, it must be careful yob- 
ser%ed, 

1^, That the bung-hole be in the middle of the 
cask; alsO; that the bung-stave, and the stave op* 

Z 



y withi 



within the cask. 



HM 
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po§ite to the bvng-bole, are both regular aad even 
'Within. 

Qdly^ that the heads of the casks are equaU and 
truly circtthir ; if so, the distance between the inside 
of the chimb to the outside of the opposite stave will 
be the head-diameter within the cask, verj near. 

The diameters and length of one cask ma j be equal 
vto those of another, and yet one of those casks maj 
contain several gallons more than the other* . 

As for instance, the figure 
ABC OF is supposed to re- 
present a c^bk : then it is 
plain, that if the outward 
curve Jines, ABC, and PGD 
are the bounds or staves of 
the cai»k, it will hold more 
than if the inner dotted lines _ 

were the bounds, or staves ; and yet the bung diame- 
ter BG, and head diaiueters CD and AF, and the 
length LH, are the same in both those casks. 

Whence it appears, that no one general rule can be 
given, by which all sorts of casks may be gauged $ and 
therefore gaugers usually suppose every oask to be in 
some of these forms : 

I5;/, The middle zone or frustum of a spheroid $^ee 
page 19. 

2i/y, The middle frustum of a parabolic spindle:; 
see page 198. 

3^/^, The lower frustums of two equal parabcdie 
conoids ; see page 193. 

AtfUy. The lower frustums of two equal cones, such 
as the figure represented by the dottea lines aboice. 

5fhlif9 The contents of casks are sometimes found by 
having a mean dti^neter between the bung and hoM 
given ; see the page l&OO. 



<»> 
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lb find the C&tdent of a Cask hg thB mean Diameter* 

BULB, 

Multiply the difTereDce between the head and bung 
diameter^y when it is less than 6 inches^ by .68 for the 
first variety ; by .62 for the second variety 5 by .55 for 
the third $ and by .5 for the fourth* Or, when the dif- 
ference between the head and bonf;-dianieters exceeds 
Cf inches, multiply that difference by* J fur the first va- 
riety ; .64 for the second ; .57 for the third ; and .52 
for the fourth. Add this product to the head diame- 
ter, and that sum will be a mean diameter^ Square the 
mean diameter^ and multiply that square by the length 
of the cabk ; this product multiplied, ur divid^^d, by 
the proper multiplier^ or divisor, in the table, Prob. I. 
tfili give the content. 

By the Sliding Rule. . 

Find the difference between the bong and hpad*dia- 
meter, on the inside of the slide marked 0, anfl uppo* 
site thereto is, for each Tariety,*'d number to be added 
to the head-diaiaeter, lor the mean diameter required. 
Then, as the gaugepuint on D, is to (he length on B ; 
so is the mean diameter on D to the content on B, 



•«M»- 



* It has been noticecl before, that only the first and second 
variety of casks are. placed oo the rule, which is describea at 
the beginingf oF this chapter- The conteats of casks -re 
generally found by the sliding rule, for which reason the rules 
for finding the content by the pen, are given in such a maaiier 
as to agree therewith. The above rnethods of finding a mean 
diameter are not strictly true. See a dissertation on this sub* 
j^tf in JAosa'a Gaugini^' sect. X* 
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BZAHPLBS. 

1. Suppose the buDg>diameter of a cask to be %t 
indies, the head. diameter 24 inches, and the length 
40 inches ; the content in ale-gailons, for each varictji 
is required? 

1. FcHrthe spheroid^ or first variety. 

Bung-diameter 32 Mean-diameter ^96 

Head-diameter 9,4f 



Dliference 
Multiplier 

Head-diam. 



8 

.r 
5.e; 

24. 



Mean-diam. 2 * 6 



^9.6 



m^ 



1776 
£664 
592 

87 6« 16 square. 
40 length. 



559.05)35046.40(97.6 gal. 

arsioo 

218550 



5t20 



Jn a similar manner you will find the content foi 
the secoml variety to be 94.46 ale gallons, for the 
third variety 90 87 ale gallons ; and for the fourtii va- 
riety B8.34 ale gallons. 

By the Sliding Rule, 

For the first variety against 8 (the difference be* 
twppn the bung and head diameter) in the line of 
inches, you will find a^.6 on the line marked spheroid. 
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which added to the head-diameter 24^ g^f es &e mean- 
diameter £96. Then 

OB D. on B* on D. on B. 

18.95 : 40 : : 39.0 mean-diam. : 97.6 

In the same manner the contents for the other varie- 
ties may be foood, bj using their respective mean-diame- 
terS} without removing the slider. 

2. Suppose the bun^«diameter of a ca^^k to he t26.S 
inches, head diameter 23 inches, and length 28 3 incites ; 
the content in ale gallons, for each variety, is required? 

f 50.8 for the first variety. 
ji J5O.0 for the second variety. 
•""*•') 48 8 for the third variety. 
(,48.28 for the fourth variety. 

To Find the eontenta (^ any Cask^^ 



OEVKRAL B.ULS.: 

Add into one sum 
S9 times the square of the buns^-diameter, 

25 times the square of the head-diameter, and 

26 tinies the product of those diameters; 
multiply the sum by the l4*ngth of the cask, and the 
prtduct by the nttmher .00034; then this last product 
divided by 9 will give the wine gallons^ and diviued 
b^ 11 will give the ale gallons. 

Or. MuUan*9 JHeU Vol. L page 52Si 



Zt 



"N 
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A General Tabib for Jtndin^ the Content of any iUuSc 

by the Sliding Rule. 



Q Iw.o. 


A. •. 


Q 


w. o 


A. «. - 

2t.95| 


k^p. 


w». 


A* (v« 


.90 , ei.st 


23 55 


67 


19.78 


S4 


1886 


20.29 


.51 


£198 


2345 


68 


1960 


21-76 1 


85 


1828 


2a20 


.52 


2113 


2.3 35 


69 


19.60 21.661 
19.51 -21.561 


.86 


1820 


20.12 


.53 


^104 


23 24 


70 


87 


18 13 


2003 


. .54 


80.95 


2314 


71 


1943 


21.47 


88 


1805 


19-95 


.55 


9l'.85 


23.04 


72 


19.35 


21.37 


.8y 


1797 


19*86 


.56 


20.76 


22.94 


73 


1926 


2128 


90 


1789 


19*77 


57 


20 67 


22.84 


74 


1918 


2148 


.91 


17 81 


194e 


.58 


20.57 


2274 


75 


19.09 


21-09 


.92 


1774 


19.60 


.59 


20.48 


22.64 


76 


1901 


2101 


.93 


17 67 


19 52 


.60 


20.39 


2254 


77 


18 93 


2092 


.94 


17 59 


1944 


.61 


20.30 


22 45 


78 


1885 


2083 


95 


1751 


19^6 


.m 


2021 


22.35 


79 


%^J7 


20.74 


.96 i 17^ 


1927 


.63 


2013 


22 25 


•80 


1869 


20<65 


.97 ' 1787 


19.18 


.641 


20 04 


2215 


81 


18.61 


20.56 


.98 


17 30 


19.10 1 


.65 1995 


22.05 


.82 


18.53 


2047 


99 


17.22 


VJJQ2 


.66 19S7 


21.86 


.83 


18.44 20.384 


.100 


ins 


18.95 1 



The above table of gauge-poiot8 was calculated bj 
Mr. John Lowry^ an omcer in the exercise, and an io<^ 

5eniou8 mathematician. See the Matheniatieai and 
^htlosphical Befom^twyt |iage ] 19| &c. 

Divide the head*dianeter bj the lNmg*diameteri to 
two placet of decimals ; find the quotient in the co» 
lumn marked Qt and agakiat U atand the wine aad aie 
gauge^points. TheQ, 
-.^ 

As the gauge-point on D : the length of the caak on 
B : : the bang-diaioeter on D : the content on B* 



EXAMPLES^ 



1. The head-diameter of a cask is 54.8 ineheS} tiui 
bong diameter 44.8 inches^ and the length of the caai; 
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231 



64 inches 5 reqiiired the content in ale and wine gal-- 
Ions ? 

Bttng-diam. 44.8 Head-diam. 34.8 Buns:-diain. 44.8 



44.8 

S5H 
1792 
1792 

200r.(/4 
39 

II II - ■ ! 

1806336 
6021 12 

* 

78274.56^ - 
SQ276. 
40535 04 

H9m6 6 8nm. 
54 length. 



34 8 Head-diaro. 34 8 



2784 
1392 
1044 



^584 



S 

1792 
1344 



12 1 L 04 prod. 
25 



605530 
242Q08 

30276 00 



1559.04 
26 

935424 
311 S08 

4( '5 35.04 



5N63424 
746-i280 



605026^.4 



8050622 4 
.00034 

322024896 
* 2415 i 8672 

11)2737211616 



1S48. 8374 ale gallonls. 
304.1346 wine galls. 



By the Sliding Rule. 

The quotient ariging hj dividing; the bead-diameter 
ty the bung-diameter is ,77, and the wine and ale 
gau -t^-points are 18.93 and 20.92. 

^^ ^^ Ion D • ^4 on B .! • 448 on D • P^ ^' ^' ^^ ^ 



W2 «tf •««¥*«?. 

2. The bead-diameter of a cask is S4.5 ifictieg ; Ihibs- 
diameter 31 5, and length 4« inches ; required its 
content in ale and wine gallons ? 

ji-fl 5 95 766 ale s;allon». 
•"" ^ 117.047 wine gallons. 

The content by the slidii^ rule is exactly the sanne* 

3. Reqaired the content of a cask in ale and wine 
gallons, whose head.iliameter is 24 inches, bung-diam- 
eter 33 inches, and length 40 inches > 



a 5 ^ ^^'^^ ^^°^ gallons* 
•*"•' i 91.^6 ale gilona. 



The content by the sliding rale k the same. 

4. The bang-diameter of a cask is 49 inches, head- 
diameter 35.8 inches, and the length 55 inches ; re- 
quired the content in ale and wine {gallons ? 

a (283 178 ale gallons. 
•*** 1 346. 106 wine ^Ibns. 

The content Is th« same by the sliding rule* 

5. The head-diameter of a cask is 28.2 inches* bang- 
diameter 33.8 inches, and length 48 inches $ required 
the content in ale and wine galloos ? 

Jinn 5 ^^^^^^r ale gallons. 
1161782 wine ^aliooB* 

The content by the sliding rule is the same. 

PROBLKM XI* 

Of th^ Ullage €f Casks. 

The ullage of a cask is what it contains when onlj 
l>artlv fiUedt and is considered In two poSitionS} 9^4 
etanding on its eiid> or lying on one ride« 



*> 
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To Ullage a lying Cask: 



RULB. 



Divide the wet inches by the bang-diametec : find 
the quotient in the column heiffht^ in the table at the 
end of thig chapter ; take out the correspond ins; f^Tea 
seg. multiply this area by the content of the ca^k, and 
that prjuiuct by 1.27324 ; or divide it by .7854, the last 
product^ or quotient, will give the ullage nearly.. 

By the Sliding Rule. 

Set the bung-diameter on C to 100 on the line mark- 
ed spg, Itf. or SL, vix, segments lying : then look for 
the wet inches on C, and onserve what number stands 
gainst it on the segments, which call a fourth num- 
ber. Then set 100 on A to the content of the cask 
Qpon B, and' against the fourth number, before found, 
•n A is the quantity of liquor in the cask on B. 

EXAMPLES. 

1. Supposing the bung diameter of a lying cask to be 
52 inches, its content 97:d ale gallons ;. required tUe 
ullage for 19 wet inches ? 

1.000 whole diameter* 
32)tS).000(.594 height. 

— — — .7854 whole area: 

0.406 height Area Hg^ .299235 

.486145 rem. 
The content 97.6 

«9 10870 
340.>015 
4375305 

.7854)47 4477520(644 gal. 
Note. Because^ in this example, ^^e quotient of 
the wet inchesy divided by the bun^-dtatnetery. ex* 
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cecds the heights in the tables it is neeessaij to 8ttt»* 
tract it from the whole diameter, ^c. 



By the Sliding Ruk. 

on C. on SL. . on C. on B. 

As 32 ; 100 :: 19 : 62.5 fourth nambep.' 

on A on B on A. on i!$L. 
As 100 : 97.6 : : 62 3 : 61 gallons, Ans. 

2. The bung-diameter uf a l^ing cask is 25 inches, 
ihe content 48.3 ale gallons and the wet inches 11; re- 
quired the quantity of liquor in the cask ? 

^ c 5 20.46 hjr calculation. 
•*"*' \ 19.9 by tie sliding rule. 

3. The bung diameter of a lying cask is 32 inches, 
its content 91.6 i^allons, and t^e wet inches 8 ; required 
tlie quantity of liquor in the cask > 

a { 17 9 8;allons, by calculatioa* 
1 10- gallons, by the sUdtng rule. 

r 

To Ullage a standing Cask. 

RUI.E. 

Multiply the difference between the squares of tiffe 
bung aiul head diameterSf by the squares of the dis* 
tonceol the liquor'^ surface from tne middle of The- 
cask ; and dirule the proxluct by the square of half tiie 
length of the cask, subtract one*third of the quotient 
from the square of the bur^ diameter, and muitiplj 
the remainder by the distance of the liquor's surface 
from the mm die of the cank. 

The last pnuiu^t divided by 35905 for ale, or 294.12. 
for wine, will give the quantity ol liquor above* or un- 
der halt the cvm tent ot tne Cits k, accor«ling as the wet 
Indies exceed, or fall short of. half the length of tke- 
<pakk% 
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By the Sliding Rule. 

Set the length of the t:ask on C to 100 on the line 
marked $eg. sL or SS, viz. segments standing ; then 
look for the wet inches on C, and observe what num- 
ber stands against it on the segments^ ^hich call a 
fourth namher. 

Then, set 100 on A to the content of the cask upon 
B, and against the fourth number^ before found, on A 
is the quantity of liquor in the cask on B. 

BXAMPLBS. 

1. Suppose in the annexed cask, 
whose eontent is 97.6 ate ealtohs, 
that the buns; diameter EF be 32 
inches^ head*dianteter AB £4 inch- ^ 
es, length 40 inches, and the wet ^ 
inches SH 2<J ; what quantity of 
ale is contained in the cask ? 



32izBF 
32 



34r:AB 

24 




serrSH 

20^1 H 



64 
95 

1 034 
576 




576 



6 diff=SI 
6 

36 square of SI 



448-diff: 

36 



20 



t6bB 
1344 

400)l6i£8 

S)40 3*2 quut 

13.44 



400==;IH« 

1024 square of EF 
13.44 



1010.56 

6»SI 



559.05}6063,36il6.887 gallons^ 
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aboTe half the costentof the caski vi^ in ad £F. T« 
mfhich add 48.8 gaHons* half the content of the cask, 
and the sum is 65.687 ^ the quantitj of tlie liquor in 
the cask. 

By the Sliding Hah, 

on C. onSS. on C. on SS. 
As 40 : 100 : r26 : 66*1 fourth number* 

on A. on B. on A. on B* 
As lOO : 71.6: : 66.1 : 64.6 gallons^ ^ns. 

3. Thebung-diameter of a standing cask is 35 inch- 
es, head-diaraeter 28.7) length 40, wet inches 30; con- 
tent in ale gallons i:21.5i in wine gallons 148.5$ re- 
quired the content of the ullage in ale and wine gal- 
lons ? ji C 93.93 alegallnns. 

•«««• i 114.76 wineg^lonsv 
The answer bj the sliding rule is the same. 

3. The bung diameter of a standing cask is 265 
incbes) bead-diameter 23 inches, length 28.3, wet inch- 
es 1 1 $ and the content in ale gallons, 48.3 $ required the 
ullage I 

a 5 ^ ®-^' gallons, by calculation. 
•^ • 1 18.3 by tlie sliding rule. 

The use qf the following table in gaugmg bus beeiL 
shewn at the beginning of the 1 1 th problem ; but its 
chief use is for finding the area of a segment of a cir- 
cle* Thus, 

Divide the height of the segment, by the diameter 
of that circle of which it is the segment, to three pU--, 
•es of decimals ; find 4he quotient in the column heightf 
take out the corresponding Jirea Seg, which multipij 
by the square of the aforesaid diameter, and the pro- 
duct will be the area of the s^ment rt-quired. 

if the quotient of the height by the diameter be 
greater than 15, subtract it from an unit^ and find the 



area seg. corresponding to the remainder, which sub- 
tract from .7854 for the area seg. 

If the quotient of the height by the diaroeter do not 
terminate in three figures, find the arm seg. answering 
to the first three decimals of the quotient , subtract it 
from the next greater area stg, multiply the remainder 
bjthe fractional part of theqjtotient, and add the pro* 
duct to the first area ses, taken out. 



EXAMPLES. 

1. Required the area of the segment of a circle 
whose height is 3.25 ; the diameter of the circle being 

60)3.25(0 Q^ quotient, nr tabular height. 
The tabular segment. is j09l€6i^» which oiuitiplied bj 
2500, the square of the diameter, gives 54.1475, the 
area required. 

2. Required the area of the segment of a circle, 
whose height is 46.75, and diameter of the circle 50 i 

\T 000 
50)4675/ .935 quotient. Whole area .7854 

•056 tab. height. Area seg. .021659 

Remains, tabular area seg, .7t374l 
.which muUiplted by 2500 gives 1909.3525, the area 
required. >. 

S. Required the area of the segment of , a cirae 
whose height is 2, and diameter of the circle 52 if 

52>2.000).OSP^» 03 T%=quotient. 

The area seg, answei < nu to -038 is .009765 ; the next 

greater area seg, is .010148 } the difference is 000385, 

>v^ ^f which is .000177 which added to .0099763 givers 

S009940, the atea seg. corresponding to .038^^^ % hence 

..O0994<rx$quareof ^2ts 26.87 77 6 answer. 
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Areas of the Segmenis rf a Circle* 



A TABLE OF THE AREAS 



or TBB 



SEGMENTS OP A CIRCLE, 

Whose Diameter is Unity ^ and supposed to be divided 

into 1000 equal ports. 





Area Se^. 


i 






j 


Beig, . 

.001 


Ne$g. 


Area Seg. 


Hfig. 


Arta Seg. 1 


uua042 


.036 


.009008 


,071 


.024680 


.002 


.000119 


037 


.009385 . 


072 


.025195 


.003 


.000219 


.038 


.0097631 


m3 


.025714 


004 


.000337 


.039 


010148 


.074 


-026236 


005 


000470 


040 


.010537 


.075 


.026761 . 


'006 


■000618 


.041 


.010931 . 


.076 


.027289 


007 


000770 


.042 


.011330 


.077 


.0278S1 


008 


000950 


.043 


011730 


.078 


.028356 


.009 


.001135 


.044 


.012142 


.079 


.028894 


016 


.001320 


.045 


.012554 


.060 


.029435 


Oil 


001533 


046 


.012971 


.081 


.029979 


012 


001746 


047 


.013392 < 


.082 


.030526 


013 


.001968 


•048 


013818 


.083 


.031076 


014 


.002199 , 


-049 


.014247 


.084 


,031629 


015 


.002438 


•050 


014681 


.085 


.032186 


016 


002685 


•051 


.014119 


.086 


.032745 


oir 


002940 


•052 


015561 


.087 


.033307 


018 


003202 


■053 


.016007 


.088 


.033872 


.019 


003471 


•054 


.016457 


.089 


.034441 


.020 


•003748 


.055 


.016921 


.090 


.035011 


.021 


m40U 


«056 


.017369 


.091 


.035585 ' 


.022 


004322 


057 


.017831 


. 092 


,036162 - 


023 


^004618 


.058 


.018296 


' J093 


.036741 


.024 


004921 


059 


,018766 


; .094 


.037323 . 


025 


005230 


060 


019239 


1 ,095 


.037909 


026 


005546 


061 


019716 


■ .096 


.038496 


027 


005867 


.062 


020196 


1 .097 


.(^087 


028 


•006194 


063 


020691 


i vO08 


.039680 


029 


•006527 


.064 


021168 


J .099 


.0402r6 


030 


006865 


.065 


.021650 


! ,100 


040875 


031 


006909 


.066 


.022154 


i ,101 


.041476 


•032 


.007558 


067 


.022652 


1 .102 


O4S080 ' 


033 


007913 


068 


.023154 


.103 


.042687 


•034 


•008275 


069 


.023659 


! .104 


M3296 
043908 


035. 


008638 


.070 


.024168 


; .105 
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^ea Seff. 


Heig, 


•Area Segt 


Ueig. ^ 


^rea Seg 




.106 


044522 


.15.i 


.075306 


.198 


110226 




. 107 


045139 


.153 


.076026 


.199 


.111024 




.108 


.045759 1 


.154 


.076747 


.200 


.111823 




.109 


046381 


.155 


.077469 


201 


.112624 




.110 


.047005 - 


136 


.078194 


.202 


.113426 




.111 


.047632 


157 


•078921 


.203 


.114230 




.112 


.048262 


.158 


•079649 


,204 


.115035 




.113 


.048894 


159 


080380 


.205 


.115842 




.114 


.049528 


160 


•081112 


.206 


.116650 




-115 


050165 


161 


.081846.. 


.207 


.117460 




.116 


050804 


162 


.082582 


.208 


118271 




.117 


.051446 


163. 


.083320 


.209 


119083 




.118 


.052090 


:i64 


.084059 


.210 


119897 




.119 


.052736 


165 


.084801 ' 


211 


120712 


*' 


.12 


- 053385 


166 


•085544- 


'212 


'121529 




. .121 


.054036 


167 


-086289 


213 


'122347 




.122 


.054689 


168 


•087036 


214 


123167 

• 




• .123 


. 055.345 


169 


•087785 


'215 


,123988 


% 


.124 


.056003 


170 


.088535 


•216 


124810 


. 


125 


,056663 


•171 


.089287 


•217 


1256.34 




■ .126 


057226 


172 


•090041 


•218 


'126459 




.127 


057991 


•173 


.090797 


219 


'127285 




.128 


, .058658- 


•174 


.091554 


•220 


'123113- 




.129 


.059327 


•175 


092313 


221 


■128942 




.130 


059999 


176 


. .093074 ' 


222 • 


'129773 




■ .131 


•060672 


.177 


093836 


•223 


130605 




•132 


•061348 


a72 


.094601. 


•224 


•13143B 




.133 


• -062026, 


179 


•095366 


•225 


132272 




■-' 134 


•062707 


.180 


•096134 


226 


133108 




.135 


.063389 


181 


.096903 


•227 ■ 


133945 




■ 136 


064074 


.182 


.097674 


•228 


134784 


' 


.137 


.064760 


183 


.098447 


•229 • 


135624 




138 


•063449 


•184 


,..099221 


- .230 • 


136465 




.139 


.066140 


185 


.099997 


231 


137307 


1 


' .14U 


066833 


.186 


100774 


.232 


138150 




-141 


.067528 


.187 


101553 


233 


138995 


» 


• .142 


.068225. 


188 


.102334 , 


.234 


139841 




.143 


.068924 


189 


103116 


.235 


140688 




.144 


.069625 


1^0 


.lu39U0 


.236 . 


141537 




145 


.070328 


• 19i 


.104685 


.237 ' 


142387 




146 


.071033 


;i92 


105472 


.238 . 


143238 


' 


^ .147 


071741 


.193 


106261 


•239 ■ 


1440'J1 




' .148 


.072450 


.194 


.107051 


240 


144944 




: .149 


073161 . 


.195 


107842 


.241 


145799 




: .150 


.073874 


196 


.108636 


. 242 < 


1466 ^T 


^ 


.151 


.074589 


197 


•109430 1 


.24.3 


147312 



MO 



Jb^a$ of the BegmtnU cf m CircU. 



Heig 


Area Seg 


Me»sr, 


wirea Seg» j 


if'-ff 1 


• 

Area Seg» 


.244 


.148371 


Uj^ 


.189047 


O.JO 


2^^51689 


.245 


.1492.30 


•291 


.189055 


.337 


.233(£34 


246 


.150091 


.292 


190804 


338 


-233580 


247 


.150953 


J293 


-191775 


339 


.234546 


.248 


,151816 


294 


.192684 


.340 


335473 


.249 


.152680 


.395 


.193596 


•341 


336421 


25 J 


.153546 


396 


.194509 


343 


.337369 


.251 


154412 


.297 


195423 


343 


338318 


252 


155280 


.298 


.196337 


.344 


.239365 


.253 


.156149 


.299 


.197253 


345 


^340218 


.254 


.157019 


.300 


•198168 


346 


.241169 


255 


157890 


.301 


.199085 


•347 


242131 


256 


.15,762 


.302 


300003 


.348 


343074 


257 


. 159636 


.303 


200922 


■349 


.244026 


.253 


.160510 


.304 


.301841 : 


350 


.244980 


.259 


.161386 


.305 


202761 


.351 


,245934 


.260 


162263 


.306 


.203683 


.353 


.246889 


261 


.163140 


.307 


.204605 


.353 


.247845 


.262 


.164019 


.308 


.20J527 


.354 


.248801 


.263 


.164899 


.309 


206451 


.355 


.249757 


,264 


,165780 


.310 


■207376 


.356 


.250715 


,2^S 


.166663 


.311 


.308301 


.357 


.251673 


.266 


.167546 


.312 


.209227 


.358 


.253631 


.267 


.168430 


•313 


210154 ■ 


.359 


.253590 


268 


169315 


314 


211082 


.360 


.354550 


.269 


.170202 


.315 


.212J11 


361 


255510 


.270 


171089 


.316 


.212940 


.362 


256471 


.271 


.171978 


.317 


.213871 


363 


•257433 


.272 


.172867 


.318 


.214802 


.364 


^258395 


273 


.173758 


.319 


.215733 


365 


•259357 


.274 


.174649 


.320 


•216666 


.366 


260320 


.275 


.175542 


,321 


•317599 


.367 


•261284 


.276 


.176435 


.322 


218533 


.368 


*262248 


.277 


.177330 


.323 


'219468 


.369 


263213 


.278 


.178225 


.324 


.220404 


370 


^264178 


.279 


.179122 


.325 


.321340 


371 


265144 


.280 


.180019 


.326 


.222277 


•372 


266111 


.281 


.180913 


.327 


.223215 J 


•373 


.267078 


.282 


.181817 


.328 


.224154 


374 


.268045 


.283 


.182718 


.329 


.225093 


.375 


.269013 


.284 


.183619 


.330 


.226033 


.376 


.269982 


.285 


.184521 


.331 


.226974 


•377 


.270951 


.286 


.185425 


.332 


.227915 


378 


271920 


.287 


.186329 


.333 


.228858 


379 


.272890 


.288 
.289 


.187234 


.334 


.229801 


380 


.373861 


. 188140 


.335 


.330745 


•381 


274832 
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Beig. 


*^i^ea Seg 


HHg 


Area Seff. 

.315016 


ffei^r- 


JhreaSeff- 


' .382 


.275803 ' 


' .422 


.462 


.344/'Jd' 


.383 


27^775 


.423 


.316004 


.463 


355732 


.384 


.277748 


.424 


316992 


.464 


.356730 


385 


.278721 


.425 


.317981 


.465 


.357727 


^386 


.$79694 


.426 


.318970 


.466 


.358725 


.387 


.280668 


.427 


.319959 


.467 


.359723 


^88 


.281642 


.428 


320948 


.468 


.360721 


.389 


.282617 


.429 


.321938 


M9 


. .361719 


.390 


•283592 


.430 


.322928 


.470 


362717 


. 391 


284568 


.431 


.333913 


.471 


363715 


.392 


.<4X''^*^44 


.432 


.324909 


.472 


.364713 . 


,393 


.286521 


.433 


.325900 


.473 


365712 


' .394 


.287498 


.434 


.326892 


.474 


.366710 


.395 


.288476 


.435 


.3278S2 


.475 


.367709 


.396 


.289453 


436 


.32^74 


.476 


368708 


.397 


.290432 


437 


. .329866 


A77 


369707 


.398 


.291411 


.438 


.330858 


\ '478 


370706 


.399 


.292390 


439 


.331850 


.479 


'371705 


.400 


.293369 


440 


.332843 


.480 


372704 


401 


.294349 


.441 


.333836 


' .481 


'373703 


.402 


295^0 


.442 


.334829 


.482 


'374703 


.403 


•296311 


443 


.335822 


483 


'375702 


,404 


.297292 


•444 


.336816 


.484 


'376703 


* .405 


.298273 


.445 


.337810 


.485 


•377701 


: .406 . 


.299255 


.446 


.338824 


.486 


'378701 


?W7 


.300238 


.447 


439795 I 


.487 
.488 
.489 


379700 


.408 


.301220 


.448 


^40793 - 


•380700 


.409 


.302203 \ 


.449 


.341787 


•381699 
'382699 


.410 


.303187 


450 


.342782 


.490 


An 


.304171 ' 


.451 


343777 


.491 


383699 


.412 


.305155 


.452 


.344772 


492 


•38469^ 


.413 


•306140 


453 


345768 


.493 


*385699 


.414 


.307125 


454 


346764 


^ 494 


-386699 


.415 


.308110 


.455 


.347759 


.495 


•3«7699 


.416 


.309095 


456 


.348755 


496 


-388699 


.417 


.310081 . 


457 


.349752 


.497 


.389699 


.418 


.311068 


458 


350748 


.498 


•390699 


.419 


.313054 


•459 


.35ir45 


.499 


.391699 


^ .420 


313041 


•460 


.352742 


.500 


.392699 


-421 


.314029 L 


461 


.353739 . 


- 
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CHAPTER VI. 



SuitFEriHG, 



Surveying is the art of measuring^i planning, and 
finding the superficial content, of any fiela, or parcel of 
land. In thi» l^ind of measnrioSf the area or au- 
l^rficial content is always expressed in acres ; or acres^ 
roodsi and percbes ; and the lengths of alt lines, in the 
field, or parcel of land, are measured with a chaifly 
such as is described at page 78. 

A line, or distance on the ground, is thus measured:* 
Having procured 10 small arrows or iron rods, to stick 
in the ground at the end of each chain ; also some ata- 
tion*staves, or long poles with coloured flags, to set lip 
at the end of a station-line, or In the angles of a field $ 
two persons take hold of the chain, one at each end'; 
i&e foremost, for the sake of distinctioui is called the 
leader, the hindermoat the follower. 

A station-staff is set up in the direction of the line to 
ke measured, if there be not some object, as a tree, a 
kouse, &c. in that direction. 

The leader takes the 10 arrows in the left hand, and 
one end of the chain, by the ring, in his right baud, 
and proceeds towards the station-staff, or other object. 
The follower stands at the boning ot the line, hold- 
ing the other, end of tbe chain, by the ring^ till it is 
stretched straight, and laid, or hekl level, oy the lead- 
er, whom he directs, by waving his hand ^ me right or 
left, till he see him exactly in a line with the object to- 
wards which they are measuring. The leader then 
sticks an arrow upright in the ground, as a imark. for 
^be follower to come to and proceeds forward ano&efir 
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ish^m at the end of which he is directed, M before, by 
the follower ; or he maj now, and at the end of everj 
other chain, direct himself, by moving to the right ot 
left, till the follower and the ooject measured from, be 
in one straight line. Having stuck down an arrow, 
as before, the follower takes up the arrow which the 
leader first stock down. And thus thej proceed till 
nil the 10 arrows are employed^ or in the hands of the 
follower, and the leader, without an arrow, is arrived 
at the end of the eleventh chain lengthr The follow 
er then sends or carries the 10 arrows to the leaderi 
'who puts one of them down at his end of the chain, 
and proceeds with the other nine and the chain as be* 
fore. The arrows are thus chaneed from the one to 
the other, till the whole line is finished* if it exceed 
10 chains; and the number of changes shews how ma« 
ny times 10 chains the line contains* Thus if the 
whole line measures 56 .ahains45 links, or 3645 linksy 
the arrows have been changed three times, the follower 
will have $ arrows in hisiiaod,tbe leader 4, and it will 
be 45 links from the last arrow, to be taken up by the 
follower to the end of the line* 

Of the Surveying-Cross, or Cross-Staff. 

The sarveyins cross consists of 
two pair of sights at right an- 
gles to each other : these sights 
are sometimes pierced out in the 
circumference of a thick tube of 
brass; and sometimes tlie cross- 
staff consists of four sights 
'strongly fixed upon a brass cross, 
and when used ta screwed on a 
stafi*, having a sharp point to 
stick in the K»'o«nd. The accu- 
racy of the crosK-staff depends on 
the sij^ts being exactly at right 
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angles to e«eh other. A cross-staflT may be eai^lT 
made, by any carpenter. Thus, take a piece of beech 
or box, ADBC, of fiiar or five inches in breadth, and 
three or four inches in depth, and opon ADBC draw 
two lines, AB and CD, crossing each other at right 
an$i;les» Then with a fine saw make two slits* ABG 
and CDH, of about two inches in depths fix this piece 
of wood upon a staflT S, of about 4 and a half or 5 feet 
IB length, pointed atone end^ao that it ouij easily 
stick into the ground. 

PROBLBM I. 

To Measure Off-Sets with a Chain and Cross^Staff'* 

Let Abcdefg be a crooked hedge, riverj or brook, 
&c«and AG a base line. First, begin at the point A, 
aftd measure toward:!^ G '; when you come to B, where 
you judge a perpendicular must be erected, place the 
cross-staff* in the line AG in such a position that both 
G and A may be seen through two of the sights^ took'* 
ing forward towards G, and backward towards A.— ^ 
Then look along one of (he cross-sights, and iflt point 
directly to the corner, or bend at Ij the cross staff is 
placed right ; otherwise move backward or forw^d a- 
long AG till the cross-sights do point to b^ and measnre 
Bfr, which set down in links : proceed thus till you have 
taken all the olf-sets^ asin the following 
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field-book* 



Offsets 



I 



Base line 4Gv 
oVfQ, stations. 



OS 
84 
70 

57 

91 



©A. 

45 

340 
510 
634 
785 



ri^K 



"tH^ 



Mak« 




fe — iE 



^.M 



Tq kif down the Plan^ 

Biraw the line AG of. an indefioUe length. Then 
bj a diagonal scale, such as described at page 48, set 
off AH equal to 45 links, draw Bb perpendicular to \6. 
and equal to 62 links. Next set off AC equal to 220 
links, or 2 chaios, 20 links ; draw Cc perpendicular to 
Atr, and equal to 34 finks : then set off A.D equal to 
340 Imkg; Or 3 chains 40 links, and make Drf equal to 
70 links: proceed thus till jou have coRipleted the 



To cast up the Content.. 

AM roost he measnted aa a triangle ; BQed, CDda 
Vhed, &c. must he measured aa trapezoids ; see page 
9a. Some authors direct jou to add ail the perpen- 
dicttlars B*, Cc, %. together, and divide their sum by 
the number of them, then multiply the quotient hy the 
length A© ; hut this method is always erroneous, ex- 
cept the off-seta B6, Cc, &c. be equ^Uy distant from 
eftchotheir. 
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2790«ilaul>le area of Ahb^ 
2 550=d(>uble area of BCch, 
18480=double ar^aof CDd'cs. 
28 ^ 60 =s<l ottble..a r<?a of DB^.; 
19220=«iouble area of RF/e, 
2^348 =double area of FOg/. 
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2)1 i6948padoublc area of the whole In fiqc litika. 
58474>srcarea4n square iink^. 



.564«74.w5atea in acresSlO A. 2 R,- 13»5584 P* 



2. koquJred the plan and content rf part «f a field> 
from the following lield-booli* 
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left 


Base line 
AG 


Off'SetB right 




OA. 
100 
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S25 
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700 


100 

60 
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Cross Hadge- 
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The figure must ' be laid down, and the content cat- 
:cu1ated as in the first example. Thus you wilt find 
the area of the part £ c^ c 6 a A to he 1 R. 13. 4 P. 
and of the part Efg G to be SO perches; so that the 
whole ia 2 roods 3.4 perches. 

PROBLEM II. 

7o mBosufre a Field in the form of a Trapeidunu 

Set op station-staves, or long poles, at the corners 
A, B> C. Then begin at D, and measure along the 
diagonal DB, in a right line, till jou come to the place 
of the perpendicular AF, which will be known by 
looking oacKward and forward throueh the sights of 
the cross-staff, as before directed, ilake a^'mark at 
F, and measure the pelrpendicular AP ; then proceed 
from F towards B, and when you come to R, the place 
where the second perpendicular will fall, make a mark« 
and measure 4he perpendicular EC : lastlj, continue 
your measure from £ to B. You may either draw a 
TOUffh plan of the field by the eye, and write the length 
of 9ie diagonal and perpendicuUirs on it^ which some 



p 



i 
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writers reconineiided as the best meUiod ; or set them 
down iu a fieId«book| thtts : 



Off-Hisi 
left 



342 



or bate line 



CD 

600 

JS60 



right. 



625 



To k^dewnthe plan. 

Draw the statioD-line DB equal to 1360 liftks, or 
33 §0 chains; from D set off DF equal toOOOHiiks^ 
or 6 chains ; draw AF perpendicolar to DB, add eq«al 
to 342 lioks or 3 chains 42 links : make Dig equal to 
1190 links, and at £ erect the |)erfiefidienlar EC equal 
to 625 links. Join DA, AB, BC and DC, and the 
field is eonstrttcted. 

CALOVI*ATIO»« 

This field bein^ a trapezium, its content must be 
found as directed tn section VI. chapter i. part tl» 




i 



ihrveyUig* 



t%9 



EC=62d. 

Sum 967 

6S0 half the diagonal DB. 



77360 
5802 



€.57560 area in aere8^6 acres ^ rods 
i— 13.096 perches. 

3. Reqaired the plan and content of a field from the 
following field-book. 



Off-set: 

Left. 



30^ 



■'^taiiuutfi *pff ^f 
ir base lines, right 



I 



O D. 

2(4 
362 

592 



210 




^Jingwer* The content is 1 acre 2 roodsy 4.37T6 per* 

Note. In either of the above figures, if the sides 
DC, CB, BA, AD, and the diagonal Dfi had beett 
measured with the chain, the figures might have been 
planued, aud their contents found by th^ rate, page 
D4, without using a cross-staff, or measuring the per* 
peiidiculars AF and CE., 

Some who pretend to measure land, always measure 
round a totir-bided field, and cast up the content by 
adding every^'two opposite sides together, and taking 
half their sum ; and then multiplj these half sums 
into each other, it may be necessary to inform the 
learner, that this method is very erroueouS| aud ought 
never to be- pracused. 

Bb 



N. 



thurveyiiig* 



PR0B1.EM III* 



To fMOSure a four^sided Field with er^eknl ffedges^ 

Set up stave§i or poles, at the corners D; C, B, as 
before directed. Then begin at A, and mtasure from 
Afi, noting all the necessary oflT sets, and in this man- 
ner go round the field, then measure the diagonal AC. 



FJELD'BOOK. 



Oji *e/» 



Stations y* 
or base hnes 



GA. 

300 
400 
550 
750-*AB 



OB 

200 
■700 
1500:^BC 



OO. 
300 
500 
700 
900 
1000=CD 
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Offsets 
right 



10# 

130 

80 



i^ 



200 
150 



200 

100 

150 

50 



DA 



iDiagoual AC = 1294. 




- "• '^ --■„.- 



^ 



Sutveying. 291 



CALCULATION, 



Acres. 



The sides of the triangle ABC are 750,1 
1500, and l^d^llnksi and its content, bj I- 4.85239 
the rule, pa^e 84 - ' - • - J 
The sides of the triangle ACD are 1000,1 
800^ and 1294 links, and its content, by > 3,9990/ 
the rule, page 84 - - - . j 

Content of the aff^ets along AB =3^0.50250 

Ditto along BC = l.ar500 

Ditto ' ' ■ . along CD=1 .07500 



Suna«]2.10396 
Content of the oS-sets along DA, deduct 1.00000 

Bemains the content of the field = 11. 1039 6 



PROBLEM IT. 



How io Measure an Irregular Field. 

* 

The way to meadare irregular land, is to divide it 
into trapeziums and triangles, thus : 

Finit, look over the field, and set up marks at every 
angle, and by t!io<*p fr»arki you mav see where to have 
a)trapezium,'as ABCI in the following figure. 
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Then begia aod measure in a direct line from A to- 
wards C ; but when you come to /t, set up jour cross, 
and try whether jou be in a 9<)uare to I (as is before 
directed) : and then measure the perpendicular a f, 
which is 482 links ; then measure forward again to- 
ward C9 but when you come to h^ set up your cross, 
and try whether you be in the place where the perpen* 
liicular will fall ; then measure the perpendicular k B^ 



wHt'cIi 19^ 30(!f links ; then continue yoiir measure to C| 
md you will find the whole diag;onat 942 links. 

Then proceed to measure the trapezium CDHT, be- 
gianiDg at C, and measuring along: the diagonal line 
towards H : but when you comf to d ^et up your cross^ 
and try if you be in the place where the perpendicu- 
lar will fall : measure the perpendicular dDn which is , 
146 links ; and then measure forward till you come to< 
Cy and there, with your cross, try if you be right in the 
place where the perpendicular will IfalU and measure 
the perpendicular c f» which is S chains ; and from e* 
continue your measure to Uj and you ;will find the 
whole diagonal 1236 links. 

Then proceed to measure the trapezium H6ED9, 
beginning at H, and measuring alons; tne diagonal line 
towards E ; but when, you come to /, try with your 
cross if you be in the place where the perpendicular 
will fall ; and measure the perpendicular /G, which 
is 448 links ; then continue on your measure fvon f 
till you come to^^^nd there try if yow be in a square 
with the perpendicular gTl^ ; and measure the" Said 
perpendicular, which is ^il04 links; then measure on 
from g to E^ and you will find the #hole diagonal to^ 
be 1144 links. 

Then measure the triiangrle EFG, beginning at E, and 
measttrine along the base EG» till jou come to h. and 
there wttR your cross try if yoabe m the place wh-TC- 
the perpendicufar will faU;. and measure thepierpendicu* 
lar ^F, which <s 314 links,^ continue yonr measure to 6^ 
and you will find the whole base to be 912iinka ; so yott 
have finished your whole field » 

But to draw a plan of the field, it would be neces- 
aary ti) measure a few more iinej«»or mark the polAt» 

Bb* 



fy§ fraetieal ^estioni* 

stooeSi •••ch 15 inchpft square 5 I demand bow maiiT- 

•uch stones wiii pave it ? 

Jins. 167 f stones* 
* 
Oui^st. S* There is a room lOP feet 9 inches ahont, 
and 9 feet 3 inches high, which is all (except two win- 
dows, each 6 feet 6 inches hi«rh, and 5 feet 9 inches 
brtiad) to be bung with tapestry that is el I -broad ;! ^ 
desire to know how many yards will hang the said 

room? I 

. From the content of the room, subtract the content 
of the windows, and divide the remainder by the square 
feet in a yard of tapestrv. vix. 14J feet, and you will 
find the answer to be 83.59 yards. 

I^t/ese. 4 If the axis of a globe be 27.5 inchea; I | 

demand the content Sf)hd and superficial ? ' 

a 5 10889 24375 inches=6.3 feet solid. 

•*** ^2375^35 inche»=:l^.49 feet supericies. 

^iest. 5. There is a segment of a globej the diam- 
•terot whose base is 24 inches, and its altitude 10 
inches; what is the content solid and superficial^ 
ijDcludtns: the area of its base ?. ^ 

/ C37tf5 55^n€hes the solidity. 
Mfis. ^ 12^ 8.940a inches the superficies. 

The diameter of the whole sphere may be found a» 
'ill page Md, to be 244 i aches. 

^upst. 6. If a tree girt 18 feet S. inches, and be 24 feet 
long, how many tons of timber are contained in- that 
tree, using the customary method of measuring and aU | 
tewing 40 leet oi ti»nher to a ton > ' ' 

Jlns» 12 tons 33 feet 4 inches 6 parts»^ 
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^tiest. 7. There 18 a cellar to be dug by the floor, the 
length of which is 33 feet 7 inches, and the breadth 
] 8 ^et 9 inches, and its depth is to be 5 feet 9 inches ; 
I demand how many floors of earth are in that cellar P 

dns. 11 floors 56. feet 8 inches 5 parts. 

Note. That 18 feet square and a foot deep is a floor 
•f earth, that is, 324i solid feet , 

^uest. 8. There is a roof covered with tileB, whose 
depth on both sides (with the usual allowance at the 
eaves) is 35 feet 6 inches, and the length 48 feet 9" 
inches i how many squares of tiling are contained' in 
it ? ilns, \7 squares 30 feet 7^ inches. 

Qti^sf. 9. There is a cone, the diameter at the base 
being .42 inches, and the perpendicular height 94 
iophes ; and it is required to cut off two solid feet 
from the top end of it; I demand what length upon the 
perpendicular must be cut off {[ 

First, find 't||^ ^uoMtv of the whole cone, 4r>4'tO 6i288 
^ubic incheSjOf^'Sffrfl^ feet, andh the cube of the alti^ 
tude 830384 inches. Then since all similar ^Hds are 
in proportion to each other as the cubes of their like 
partS| 

Feet. ^ Inches. Feet. Inches. 

As 25 1219 : 830584 .t 2 : 66124.297, the cube, 
ef ^h«» altitude to he cut off, the cube root ot which ie 
40.436 inchesi Jinswer. 

^uest. 10. If a square piece of timber be 12 feet 
lono;, and if the side of the square of- the greater base 
be ^2\ inches, and the side of the square of the less^er 
base be S inches ; how f^r must I measure from the 
greater end> to cut off five solid feet ? 

You will find the length of the whole pyramid by. 
the rule, page 118| to be 14 feet* Then find the soliA 



99t Fntdical ^tf tons.' 

content of the whole pyramid I4u^9l| feet FroBi which 
dledoct 5 feet, the remainder is 9.29 J f feet. 

Solidity. Ccbe length. Solidity. Cnbe length. * 
AsU.!9if : 2744 : t 9.2fl| : 1784 
Or 42.875 : 3744 : : 27.8:5 : 1784 the 
cuhe-root of which is 12 128 feet, which subtracted 
from the whole length, 14 feet, leaves 1.872 feet, the 
length of 5 solid feet at the greater end. 

^ueU. 11. Three men iioii2:fat a grindstone of 40 
inches diameter, which cost 20 shillings ; of which 
torn the first man paid 9 shiUin^;!^* the second 6 8hiU 
lings, and the third 5 shlllin^s ; I demand how tnudi 
of the stone each man must grind down, proportion- 
able to the money he paid I 

All circles are to each other as the squares of their 
Aameters ; and each man musit grind away a snrface^ 
proportionable to the money, he paid. 

20 : 20x20 : : 5 : 100, the square-root of 10^ 
20 : £0x20 : : d : 120 



Sum 2IS0, the square-root ia 
14.832397, the radius which two men must grind down 
from the centre, from which take 10, the radius which 
gne tnan must grind down, there remains 4 8'i2397, t^i« 
breadth of the rint; which the second man tuM^t ;> id 
away: fro '« the whole radius 20 subtract 14.83-^^97, 
th»* radtus which tw * men nusf j^rtnd away ; tti,* re- 
main ier is 5 J 67^03. ttie Oreadth of the ring the ftrst 
man mtut grind away* 
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l^irtt, upon ihe centre © describe the circle ABHB 
md cross it at ris;ht angles with the two diameters 
AB and Cl> : ther^ divide the fiemidiameter A O in 
proportion to 9:^. 6s. and 59. the several suuispainby 
the three men ; viz. make AK 9, RF 6, and ¥ Q 5 t 
then divide EB into two equal parts in d^ and upuK d. 
as a centre, describe the semicircle KaB ; divide FB 
into two equal parts in c, and upon c, as a centre* with 
th«^ radius c P, describe the semicircle VbB : which 
will divide thesemidiameter O C into three such parts 
as the stone ought to be divided ; and circles described 
through these points, will shew how much each man 
must grind for nh share* 

'I hi^ construction Is derived- from the above me* 
thod of calcuiation lorB©3s<20, ©Fss5, and OF'~M» 

by tht> pr oT^rty of the circle B0X0F— ©;.», and 

B© X © £sK © u^; also© ^ — © h=ahitn(\ © c —-©ass 
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Quest, 12. A gardener h»d an upriglit cone; 
Out of which should be cut him a rollingfitoney i 

The biggest that e'er it could make t ' 

The mason Te aaid, that there was a rule 
For such sort of work, but he had a thick skull : J 

Now help him for pita's sake. ' 
" Atts. it must be cut at one-third part of tiie altitudes 

NoTB. This is properly a question in fiuxionsy and 
not (iependantupon any rule in this book. See Simp* 
sot^s Ghfometryj on the Maxima and Minima of geo« 
metrical tjuantities^ theorem XIX* 

Quest. IS. There is acbterni whose depth is seven 
tenths of the width, and the length is d times the 
depth, and the solid capacity is 'S67.5 feet ; I demand 
the depth, width, and length, and how many bushels 
of corn it will hold } 

First you must find three numbers in proportion t» 
thedeptn, width, artd length thus ^ suppose the width 
L the depth will be .7, and the length 4.£$ hence the 
solidity will be 2'94 feet. But solids are to each other 
as the cubes of their like parts consequently 

2.94' feet: 1 cube width t : 367.5 feet: 125 the cube l 
of the real width,- the cube«root of which is 5 feet, ^ 
the width ; hence the depth is 3.5 feet, and length 21 
feet. 

The content is 295 bushels 1 peck 4 pints. 

Quest. 1 1-. Suppose, sir, a bushel be exactly roundf 
IVhose depth being measur'd, 8 inches is found ; 
If the breadth 18 inches and half you discoveri 
This bushel is legal nM England over. 
But a workman would make one of another frame ; 
Sev*n inch and a hall must be tae depth of the same^ 
Now, sir, of what length must the diiimeter be, 
That it may with the former \n measure agree? 

Jins. 19.107 inches must be the diameter whefi the 
depth is 7^ inches. 






I. 



fraciieal ^uskion^ dtl 

i^si, 15. Id the midst of « useadoW) well stored 
with grafifiy 
I took just aD acre^to tethermj ass : 
How lorig: fnt^st the cord be, that} feeding all rounds 
He ma^'nt graze less nor more than his acre of 
ground? An^. 117 feet 9 inches. 

^mfiU 16. A malster hasakiln, l^atis 16 feet 6 
inches 6C(uare ; but be is minded to pull it down, and 
build a new one^ that may be big enough to dr j three 
.tim£s as mush at a time as the old one will do : I de« 
mattd how much aauare the new one must he ? 

wf?is. The side <n the new one must be 28 feet and 
near 7 inches, or 28,578 feet. , _ 

^mhU 17. If around cistern be 26.3 inches diame- 
ter^ and d2.5 inches deep; ho^ many inches diameter 
must a cistern be to hold twice the quantity} the depth 
being the same ^ and how many ale gallons will each 
cistern hold ? . 

•/fns. The diameter of the greater cistern is 37.19 
inches, and its content 302.275 ^at'ons; hence the con* 
tent ojp die tess^sistern muH be 101.137 gallons. 

^jttRt. 18. . If the diameter of a cask at the bung be 
32 inches, and at the head 25 inches* and the length 
40 inches; how many ale gallonti are coBtained therein ? 
; •due. 94.^1 gallons, by the general rule, page %^9. 

^ue$t 19. There is a stone, 20 inches long 15 inches 
broad, and S inches thick» wiiteh weighs 217 . pour!ds« 
1 demand the length, breadth^ and thickness of anotiie.r 
of the same kind and shape, wiiich weighs lOUO 
pounds i . . 

The cube of 30, the length, is 80(X>. Then 

317 : 8000:: 1000 :36<»ad3594, whose cu-e root 
is 33 282 inches, the iei^thof the stone weighing 1000 
IS^inda. Then aaj^ 

Cc 
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SO : 3S 282 : : 15 : 24.96t 

20 : 33.282 :: 8 : »S.3l2 

The length 33.282) 

^n.v. -? The breadth 24 ^61 > iQclves. 

he tbickn^as 13.312) 



rri 

K \ Tl 



(lue$L 20. If an iron bullet, i/vhose diameter 18 4 
Inches, \m^» 9 pounds | what will be the weight of 
another bullet (of the same metaf) whose dianieter ia 
9 inchest Jitts. i02.dt5 puunda. 

Quests 21. There is a square pyramid of marble, 
each side of its bafte is 5 inches, and the height 15. 
inches, and its weight is 12 pounds and a quarter; C 
demand the weight of another like square pjraaud, each 
side of whose base is 30 inches ? 

The cube of 5 is li?5. and the cube Qf 30m STOOO. 
Then (by Eucl. XII. 12.) 

^5. lb. 

125 : 12.25 : : 27000 i 2^46 

•8ns. The weight is 26 1-6 pounds. 

^uest, 22. There is a ball or glol>e of marble^ wl^ose 
^Jiameter is 6 inches, and its weight IT pounds f what 
will be the diameter of another globe of the same 
marble, that weighs 500 poUnds ? ^ .^ns. 21.^ tiiches. 

iluest. 23. There is a frustum ©fa {Tframid, whose 
base* a»*e regular oetagonsi each side of tiie grfeater 
base IS 21 inches, and each side of the less base is 9 
Inc eSiOnd its perpendicular length is i5 ^bet ; 1 de- 
mand how manj ^olid feet are contained in it? 

>tfns. 119.2 fiftet* 

^mst. 24. There is a frustum of, a cone, the diame- 
ter ol the greater baseis 36 inches, .and the diameter 
of the less base is 20 inches, and the length or height 
is 3!5 inches^ I demand the leogth and solid content 
of tiie whole cope, and alsa the solW cnnient ot ^be 
^iven imsium? 
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First, find fh^ length of the whrtle cone, thws :• 

A» 8, the (]ifln*rence between the radii of the two 
ends : 215, the length of the frustum : : 18, the radius 
of th^ greater end : 483.75 inches, the whole length of 
the cone. 

The solidity of the whole cone .18 94 98 feet. 

The solidity of the frustum is 78.7 feet. 

^UFi^ 25. If th:^ top part of a cone contains QGlTl 
solid inches, .ind 200 inches m length, and the lower 
fru«<tum thereof contains 159^10 solid inches ; I de- 
niand the length of the whole cone, and the diameter 
.of each base? 

Inches. 
The length of the whole cone 3843766 

•ins •{ he diameter of the greater base 42 9671 



I 



'1ie diameter of the less base 



22.3568 



^uest, 26 There is a frustum of a cone, whose solids 
GOn.ont is 20 feet, and ifs length 12 feet; and the 
grt*ater diameter bears such |)roportioR to the less as -5 
to 2-; 1 defoand the diatoeters ? 

•P'irfity i find the content of a conical frostom, whose - 
diameters are 5 and depth 2, and 12 (^et^ to be 1 22. 5,2 i4' 
feet. Then^^as 12:. 522 : 20 feet : : 25, square of tho 
greater di?jmeter : 4.0808*88, the square root uf which 
i« St. 020^1 2 fpft, th« true greater diametferj and 
5 : 2 :: ^.02012 : .80^04 feet, thi^bss diameter. required. 

Or» ti>e two required diameters are 24.2414 inches 
and 9 6964 inches. 

^uest. 27, There is a room of wainscot l!?9 feet 6 
inches in circumference, and 16 feet 9 inches high (be- 
ing girt over the moulding** ;) there are two windows, 
each 7 feet .3 inches high, and the breadth of each, 
'' froHi cheek to cheek, 5 feet 6 inches'; the breadth of the 
ahutters of each is 4 feet 6 inches; the cheek-boar^ 



>JH 



so* 



\ 
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and top and hAttom-boarda oF each window, taken t«- 
fetber^ arc 24 feet 6 inches, and their bi eaclih 1 foot 9^ 
inches; the doorcase 7 feet high, and 3 feet 6 lutbea 
wide J the door 3 feet 3 inches wide ; I demand how 
many jardsof wainscot are contained in that room P 



The content of the room 
The shatters, at work and half 
The door, at work and half 
The cheek-boarda 



5169" 1 4> 
97 10 6 
34. 1 6 
85 Q O 



wm-^ 



tm 



The sum 2386 10 (J 
The window-lights and 7 ^^^, ^ ^ 
door-case deduct . > 

.9)228a 7 6 

- Ms. 2M jards5&et« 

(fuest. M. There Is a wall which eQntainal8£3l» ca- 
ble fietraiid the heiji^ht is 5 times theiireadtby iand the 
leniithB times the height; what is the leD|;t^, breadth, 
and height ? 

Assume the breadth |^ then th^ height miiat be V 
and length 40 j. hence the aoWitj will tie 200. Then 

aaj ■ -.-■'.-. ^- ■■•■."'-- . 

200 : 1, cube of the hreadth :: 18^6 : 9 1. 126^ the 
tube of the ftjal breadth ; the Cttbe-r^i9t ot which is 4 5 
the hreadth ; hence the height b ^*Z^5f end the lenj^tk 
480 ftet. 






^u^^ jj§. Ther* is a roay-pelef whose 
top-end ^tas Kroken offhj a bkst of windy 
ajK^ in falling, struck the grroimd at 15 feet 
rfiatance from the bottom of ttie ma y-pole : 
the broken piece was 39 feet ; now I de* 
uiand the leiigth of the may-pole ? 

W6m the square of 39t the tenfj^tb of the 
tirok^: pfeee subtract the s^aare of 15 5 
the sq«8i*e*root of the remarnder is the 

tie'ce stamiit)g; to^ which add the piece 
iroken off/atid yon have the whole length. 
'!Phes you will find. 

The piece standing to he%6 feet. 
The piece broken off is 39 fe^t. 



The whole length is 75 



S65 




^if'sH. $0; A may-pele there was, whose hei|rlit T 

« tvoaid knowv 
TKe stm shining^ clears strait to work I did go;. 
The length of the shadow, upoo level groqnd,, 
JT^aMy-fivefeel^ whf n measnr'd* 1 found ; 
A staff tbnid thSre/jii-t five feet in len^rth*^ 
The length of ts shadow was fouf feet one tenth :- 
Ho^vhis^h Waa^^e nuty-pofe, i gladly would ktiow ^' 
Atkd U is the thing you Ve desired to^ehow* 

HereA B i^presntt ^ 

tiie length of the shadow ..■.-. u 

of the may«pol^» and B€5 
its height ; aA the sha- 
dow of the staffi and'Ai 
Its height 

^2 similar triangltsv 

nA : \b : : AB : BC. 

Th»- i.eightW will te 
fcttdd to^e 79.26 feet; ' 




30^ Practical (fuestionss 

Q^ue^t 3i. What will be the diameter of a g^obey 
wh^n the ^oliditv and superficial coQti)nt of it are 
equal ? 

Jns, 6 : Wheriihe diameter of the globe is I , the fio- 
Udity rs to the saperficies^as 1 to 6. 

^ueiit, $2. What will the axis of a ^lobe be, when 
the solidity i» ifi proportion to the «aperficiesi as f 9 to B ^ 

Quest. 33. There are three gr^nado shells, of such 
cepacitV) that the second shell will >judt lie in the Qoa- 
cavitj of the first, and the third in the concavify of 
tho. second:. The- solidity of the metal of tbe*fir>t 
shell is equal to the number of solid inehes which ] 

would fill its capacity :the solidity of the metal .of the j 
second shell is in proportion to the number of solid { 
inches which would fill its concavity, as 7 is to 5 ; 1 
and the solidity of the racial of the third shel^ is in 
proportion to the number of solid inches which wo trtd 
fill its concavity, as 9 isto^4. The diameter of the. 
fii'Ht shell is 16 inches ; required the diamete^rs 4>f the 
second and third shells, the thickness of each shell, and 
also the weight, supposing a solid, inch iof Iron ta^ei^ 
4 ounces avoirdupois ? ^ 

If the diameter of a globe be 1, its solidity wiU he 
.5236, and globes are to proportion to each ojther as the 
euhei^ of their diameter : h<?nce . : 

I : .5!^36 : : cube of }6:sxiOQ6 : 2144 ms$^ the' half * 
of which 18 107^*3328. tlve solidKy , of the first she Mr 
and the number of solid inches which would fill its con* 
cavity; whieh being divided by ,52^ and the cube- 
root of the qliotieni extracted} will aire Jl&,6&9, the' 
internal diameter of the Jirsrshell?' hence its thiek^ 
ness is l.&ft inohesf and weight 268.03 poinds. : 



SBCOKDlT. 



Since the seeoncf shell' will just l^lt t5e cqincavity 
of the firsty its external diameter , must be e<|ttai to 
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12.660} and thesoliditv of its metal and concavity to- 
gpt'^«^^ «C}U3Mo 1072.3328 inches. 

745 ; 1072 532S :: 5: 446,60533, the solid inches 
which would fill the concavity of the second sht U 5 
which being divided by .5236, and the cobe-rootof the 
quotient extracted, will give^ 485 inches, the Internal 
diameter of the second shell ; bervce its thickness is 
1*^07 inch^Syand weight l^.a& pounds. 



THIRDLY. 

. Since the third shell will just fill (he coneavity of 
the second, its external diafpeter must be equal to 
9.485 inches, and the soliditv of its metal and concavi- 
ty toffp the r, equal to 446 80533 inches. 

9+4 : 446 80533 s: 4 : 137 47846, the solid inches 
which would fill th*» cnocavity of tf>e third shell ; which 
being divided by .52316^ and the cube-reot of the quo- 
tient extracted. Will ^jive 6.4034 inch«^8, the internal 
din eter of the tliird shell; hence its thickness is 
i.54 1 inch, and weight 77.33 ppund^. ' 



FlNtS, 









^ 



APPKNTJIX. 

OF THl 

WEIGHTS AND DIMENSIONS 

or 

BALLS AND SHELLS. 

The weie^ts of bodiesi composed of the same wH- 
stance.mre prnporttonal to their ntag;nitu(1es ; anr) the- 
ma^nttudes. of similar hndies are pr^^portionai to tbe 
caHes of their cctrrespondins: Mn^al di^iensions ; there* 
fore^ since all globes are si mi l.ir.bodips, the weigh ts'of 
tiiose, vvhich are formed of the name substance^ must be 
" proportional to the cubes of their diameters. It is 
well known, however, that diflT^rent portions of nietaly 
even from the same caffting^ will differ a small matterr^ 
ID densitv ; and also that a still p:reater di&r^nce ie 
produced by different degrees of temperature.: the 
theory here Uid down, is th 'refore not to he understood 
as absolutf^ly true, hut suffi<»ent}y ao for the p«irpo9ef< 
to whieli it is applied. 

PROBLBU I. 

Biven th0 diameter of an Iron Ball, to Jind its weight. 

An iron bait of 4 inches diameter, i<i known, frsm 
experiment, to weigh 9lbt avoirdopoise ; therefore, since 
the weights are as the cubes of the diameters, it will 
be, as the ct^e of 4, (or 04) id to 9» so is the cube of 
the given cUameter, to the weight required. Hencej 
•^ 0? the eubip of the diameter will be the weight in- 
lbs. But A^^+f of |-s which give^ the following^ 

RULE. 

To ^ of the cube of the diameter^ add i of ih»t ^ } 
^ suia^ will be the weight in lba«^ 
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BSAMPLBS* 



}. Required fhe weight of an iranball wiiose diam- 
eter i$ 6,4 iDches. 

The cabe of 6.4 is $62,144 

■I "11 m II I'lii ' 



f of whtGh is - . 32.768 
|i of -^ is - - .- 4.096 

Weight of the bail - 36 . 864 lb. 



■■■*■<<«■ 



2. The diameter of an Iron ball is 8 inches, what isK 
it^ weight. Ans, 72 lb. 

3. What is the weight of an iron ballf its diameter 
being 3.4 incbesi . ^ns. I. tb. IS. J oz^ 

PROBLEM H» 

To jMi UiB weight of a Leaden BaU». 

A teaden ball of S inctiet diariieter weights 6 lb« 
Therefore as the cube of 3 is to 6 ; that is, as 9 to 
^o ts thi» cube of the diameter to the weight of a leadea 
belt* Hence the following practical 

BULK. 

Take I of the cube ^f the dtameter of a leaden ball^ 
for its weight in poundst 

1, Required the weight of a leaden ball^ whose dU 
am«ter is 63 inches. 

J 'if 6.3X6.3X643»55.566 lb- the weight required. 

2, VVhat is ibe weight of a leaden ball, 8. 1 inches 
dhimeterf Jns. 118 lb. 

3, The diameter of a leaden ball Is 1.8 inches, what 
is its weight I «dn]f. I ib. 4.736 ox. 
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PROBLEM III. 

Biven the weight of an Iron Ball^ to find its diametw. 
The converse of p^ob. 1) will i;ive this 

&ULE. 

Mu!tif)ly the given weight by 7\^ and the cube root 
of the product will be tbe tliam»^t.er : or, to the con*^ 
stnnt togarithfn O 85194 add the ios!:artthm of the weigrht 
in pounds, and ^ of the sum will be the logarithm of the 
diameter^ in . inches. ' 

EXAMPLES. 

1. Required the diameter of a 42 lb. iron ball* 

Constant log, 0.85194 \ 

Log. of 42 1 62325 

3^2 475.9 ! 

Diam. 6 685, log. 82506, \ 

2. What is the diameter of an iron f>ail, weighing 
18 lb, .^iw. J.Q4inch«-&t 

3. An iron ball weighs 6 lb. what is itsdianieter. 



Am. 3.494 inches. 



mOBXEM IV, 



-*■ , 



The weight of « Leaden Bull being given^ to find it^- 

diameter* 

. Tfje converse of prob. 2, will give this 

RULE* 

Multiply the weight by 4^, and the cube root of the 
product uiil he the diameter : or, to the constant log- 
arithm 0.65321 , add the iog^arithm of the « eighty siod' 
I of the sum will be the logarithm of the diameter. 



I 



. / 
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EXAMPLES. 



1. Required the diameter of a 64 Ih. leaden ball. 
Constant Log. 0.!5v^32I 

Log. of 64. 1.80018 

Diam. 6.605,Iog. 3^2,45939 

81979 



2. What i« the diameter of a leaden ball weiahinff 

^^*\-i A \n u .u ,^rts.^327. Inch J. 

3. A leaden ball weighs 9 lbs. what is its diameter? 

4ns. 3-434 inches. 

P&OBLEM V. 

To Find ike weight of an Iron Shell. 

RULE. 

To ^ of the difference of the cubes of the external 
andjnrernal diameters, add its |, the sum will be the 
weight of the shell. 

EXAMPLES. 

K Required the weight of an iron shell, the exter- 
aal diameter being 1 1. and the internal, 9 inches. 
The cube of ll is 1331 

The cube of 9 729 ^ .1^ 

Dlfierence ejo* 









Weight of the shell $4||Ib. 

I ^2. To find the weight of a shell whose external 

I diameter is 9.6 inches, and internal 7.2 inches. 

k ^ns. 71.92$ lb. 



'-i: 
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KXAUFLBS. 

3. What is the weight of an iron shell, the outer 
diameter beioe 18 inches* and the inner 16. 

^ Ms. 244J lb. 

PROBLEM YI* 

3b find what weight of powder will fill a given SkelL 

RULE. 

Divide the cube of the ioternal diameter, in inches, 
by 58f the quotient will be the lbs. of powder. 

BXAMFLBS. 

' 1. What weij^ht of |>owder will fill a shell* whose 
internal diameter i» P incb««. 

9x9X9-f-5Ss=12|f lb. the qoantitj required. 

2. What quantity of powder will fill a shell 7.9 
inches in diameter. * Ms* 6 4S5 !b. 

3. Required the wei8;ht of powder to fill a sbell, 
whose inner diameter is 1 6 inches. «8rs. TO^lbu 

PROBLEM VII. 

To find the diameter of a Shell to contain a given weight 

of Powder^ 

RT7LE. 

Multiplv the pounds of powder bv 58 ; the cube root 
' %f the product will be the internal diameter, in inches* 

BXAMPLES. 

]. To find the diameter of a shell to contain 9 lb. 
^-af powder. 

78 x9as4'i9> the cube-root of which is 8.05 iRches 
nearly. 

3. Hequired the diameter of a shelli to contain 

47 1 lb. of powdf»r. Jins 14 inches, nearly. 

8 J'o find the diameter of a shell, to c nHiQ27lb. 

of powder. tSm. 3i.6iiiGhes. 

N -B The two last rules were deducted from experiments on 
die powder m«nutkctui]fsd for tbe governmeni of the United 
Mates. 

/' Bun, 



t '^ ■■ 



